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Just now the popular conception of Fulton is as the 
man who invented steam navigation. To apply this 
title to him, however, is perhaps not to give sufficient 
credit to the work of previous investigators, from 
whose efforts Fulton obtained much of the knowledge 
applied in his own experiments. The achievement, 
therefore, for which he may be honored is the first suc- 
cessful commercial application of steam power to navi- 
gation on the Hudson River. 

To think of him only in connection with the “Cier- 
mont,” however, is to lose sight of his versatility. Not 
enly did he possess considerable talent as an artist, as 
evidenced by his oil paintings and drawings, but he also 
achieved distinction as a civil engineer in the design 
and construction of canal aqueducts and bridges, as an 
ordnance expert by his invention of torpedoes, and as 
a naval engineer by his submarine work and the build- 
ing of the first steam frigate. 

His mechanical tastes, we are told, first appeared 
when as a boy of eight or nine he frequented the shops 
of mechanics, displaying such aptitude that he was 
aliowcd to help the apprentices and was always a wel- 
come visitor. Hardly less marked was his ability to 
sketch readily the machines that drew his attention. 
The foundation of his future work with torpedoes was 
Goubtless laid. when at fourteen he fairly haunted the 
shop of Messersmith & Fenno, gunsmiths, in his home 
town. His biographer Reigart says that about this 
time the hard work of poling a boat home from a fish- 
ing trip suggested to Fulton the construction of paddle- 
wheels to propel the beat. The paddles were made de- 
tachable so that they could be hid in the bushes. at the 
end of each trip; “and thus did they enjoy very many 
fishing excursions.” 

Though of so pronounced a mechanical bent, Fulton 
discovered such talent as an artist that at twenty-two 
he decided to become a pupil of Benjamin West in 
London. In 1797 he was invited to live with Joel Bar- 
low in Paris and for seven years was as one of the 
family. During the time of his art studies, however, 
his mind had been occupied with mechanical things 
also. The first patent granted him, of which we have 
any knowledge, was in 1794 for a mill for sawing mar- 
ble. Three years ldter he designed the first panorama 
exhibited in Paris. It is said that at about this time 
Fulton sketched on the wall of his room the plan of 
a steamboat, which he called “the image of what will 
yet traverse the river and ocean.” 

In 1797 he also invented and patented a double in- 
clined plane for canals, which was followed by a series 
of similar inventions for bringing canalboats from a 
higher to a lower level or the reverse, a machine for 
spinning flax, one for rope making, an excavating ma- 
chine for canal work, an air gun, a cable cutter, tor- 
pedoes made of copper cylinders containing about 100 
pounds of powder and set off by a gun-lock operated 
by clockwork, and a submarine boat, the “Nautilus.” 

Damage by flood to an aqueduct over which passed 
the Shrewsbury Canal in England, led Fulton to design 
a cast-iron sectional aqueduct, which was built for 
crossing the Dee River at Pontcysyltee, about twenty- 
three miles southwest of Chester, in Scotland. Cast- 
iron bridges were also built after Fulton’s design in 
Wandsworth, England, and at several other places on 
the Surrey Railway. In 1807, Fulton was invited by 
Secretary of War Dearborn to make the surveys for a 
eanal from Lake Pontchartrain to the Mississippi, but 
declined because of his time being occupied with tor- 
pedo experiments and the building of the “Clermont.” 
In 1810, he was appointed by the New York Legislature 
as one of the commissioners to explore the route of a 
canal between the Hudson River and lakes Ontario and 
Erie. 

His experiments with torpedoes and submarines in 
France appear to have filled the British mind with 
alarm. He was invited by the British Ministry to 
London and in 1814 prepared to demonstrate the de- 
structive power of his invention on the French flotilla 
lying at Boulogne. The torpedoes exploded without 
doing any damage, however, due, as believed by Fulton, 
to the fact that they were hung perpendicularly by 
the side of the vessel whereas they should have been 
so arranged that the current would sweep them under 
the vessel's bottom. He afterward made changes to 
obtain this result, and in October, 1805, a vessel pre- 
pared for the test was blown up in Walmar Roads, 
near Deal. He repeated this performance in New 
York harbor, shortly before the “Clermont’s” first trip, 
using a brig’s hulk for his demonstration 

in March, 1810, Congress appropriated $5,000 for ex- 
periments with Fulton's torpedoes, the sloop-of-war 
“Argus” being prepared for the tests. A strong net- 
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WHAT HE REALLY DID. 


ting was suspended from her sprit-sail yard and an- 
chored at the bottom; the vessel was surrounded by 
spars lashed together; she had grappling irons and 
heavy pieces of iron suspended from the rigging to 
drop on anything approaching; swords or scythes were 
fastened to long spars moving like sweeps, to mow off 
the heads of any who came near. Against this armor 
Fulton’s torpedo was, of course, powerless, but it was 
admitted that any invention which would oblige a 
hostile vessel so. to guard herself was of great impor- 
tance in a system of defense. At this time Fulton tried 
cut a harpoon and a cable cutter, both operated by the 
explosion of powder, and he later made experiments in 
the firing of cannon under water. : 

His initial plunge in a submarine was in the harbor 
of Brest in 1801. With three companions, Fulton went 
25 feet. below the surface, remaining for an hour. The 
boat is described as being fitted with a mast and sail, 
which could be struck in about two minutes. Hand 
power was used for working some form of propeller. 
After the first trial, a cylinder of compressed air was 
used to freshen the vitiated air while the boat was sub- 
merged. A small glass window admitted enough light 
for movements to be directed. It appears that Fulton 
did not again take up work in this line until shortly 
before his death in 1815. A model of an improved 
boat was approved by Congress and work on the boat 
begun, but Fulton died before the hull was entirely 
finished. 

Fulton's first experimental steamboat was tried on 
the Seine early in 1803. Robert R. Livingston, of New 
York, then United States Minister to France and him- 
self a close student of the possibilities of steam navi- 
gation, had become interested in Fulton’s ideas and 
had offered to provide funds for experiments. These 
proving successful, a contract was to be made for de- 
velopment in the United States. The night before the 
proposed trip of this boat, however, the hull proved 
too weak to sustain the heavy engine and boiler, and 
broke in two. The engine and boiler were raised and 
an almost entirely new boat built, measuring 66 feet 
long and 8 feet wide. The trial of this boat was satis- 
factory though her slow speed was somewhat disap- 
pointing to Fulton. Arrangements were then made to 
build a larger vessel in the United States, but owing 
to the lack of engine-building facilities in that country 
and in France, the engine was ordered from Boulton & 
Watt. 

Fulton evidently went into the matter broadly and 
considered not only the propelling machinery but also 
the best form of hull for the desired results. In his 
patent specifications he writes: “The successful con- 
struction of steamboats depends on these parts (shape 
of bow and stern, draft, vc'ocity, friction, total resist- 
ance, and power of the engine to give the necessary 
velocity) being well proportioned, whether wheels or 
other propellers be used, with the right proportion of 
the parts above mentioned, steamboats may be navi- 
gated by the propelling power of wheels, endless chains, 
or paddles, but without the proportions which shall 
hereafter be explained, they cannot be successfully 
navigated, with either wheels, endless chains, paddles, 
or any other mode of taking the purchase on the 
water.” 

In his calculations Fulton used data obtained by Col. 
Mark Beaufoy from experiments made at Greenland 
Dock, near London. In his first specifications he gives 
the following figures for a boat to run one mile an hour 
to show his method of calculating the necessary power 
for different rates of speed: c 

Pounds 
The plus and minus pressure of 1 foot 0.88 pound, 

which multiplied by 36 feet, the boat's bow, is 31.68 

Friction on 848 feet of bow and stern, at 0.70 


pound for 50 square feet, is............--.++- 11.90 

Friction on 2,200 square feet of the body of the 
Total resistance of the boat................-+-+- 74.38 
A like power for the propellers..............-.. 74.38 
148.76 


This power must be felt at propellers repelling water 
one mile an hour, or one foot and a half a second, 
which is one-fourth slower than the motion of the 
piston; consequently one-fourth may be deducted from 
148.76, leaving 111.57 the power of the engine: a cylin- 
der 4 inches diameter, equals 16 round inches, and 8 
pounds to the inch, gives 128 pounds, which is sufficient 
power. The periphery of the propeller wheels must 
run two miles an hour, or 3 feet a second, equal to 180 
feet a minute. If 11% feet diameter 34%, feet round, 
5% revolutions in a minute gives 181 feet; the engine 


Strikes 15 double strokes a minute, the wheels make 
5% revolutions in a minute; this is a proportion of 
near 3 to 1; hence the first mover or pinion from the 
engine may be 2 feet diameter, the wheel on the water 
wheel shaft 6 feet diameter; the total resistance of the 
boat is 74.38 pounds; one square foot of propellers run- 
ping 1 mile an hour is 3.25; resistance 23 feet will 
give 74.75; this is 11% feet in each propeller. 

In his second specifications Fulton deals more spe- 
cifically with the calculations for the “Clermont.” He 
writes as follows: 

My first steamboat on the Hudson River was 150 feet 


‘long, 13 feet wide, drawing 2 feet of water, bow and 


stern 60 deg.; she displaced 36.40 cubic feet, equal 106 
tons of water; her-bow presented 26 feet to the water, 
plus and minus resistance of 1 foot; running 4 miles 
an hour. 


12.37 pounds multiplied by 26, the bow of the 
Friction on 2,380 superficial feet of bottom and 
sides, at 7.50 pounds or 50 superficial feet.... 352 


Total resistance of the boat, running 4 miles an ; 


A like power for the propellers................. 673 
Total power felt at the propellers.............. 1,346 
The boat-running 4 miles an hour is 6 feet a sec- 

ond; this is 3 times faster than the piston; 

Necessary power of the engine, the piston run- 


This will require a 22-inch cylinder allowing 9 pounds 
purchase to the round inch; this engine would not oc- 
cupy in the boat more space than in the small one, 
and it would not weigh 2 tons more than the 17-inch 
cylinder; hence, say weight of engine 22 tons, weight 
of boat 40 tons, total 62 tens; this leaves 38 tons for 
passengers or merchandize, with ample space, before 
it could bring her down to 2 feet in the water; but 
drawing not more than 18 inches before cargo or pas- 
sengers were in, and her resistance being diminished 
cne-third, the above power would drive her 414 miles 
an hour. The two preceding examples exhibit in a 
clear point of view the advantage to be gained in build- 
ing a large boat, to carry a large and powerful engine. 

By some Fulton is accused of plagiarism. It is true 
that he used data obtained by Mark Beaufoy in experi- 
ments made in England on the form of hulls. It also 
may be true that Fulton inspected Symington’s boat in 
England and made such notes and observations as en- 
abled him to build his boat on the Seine. But Beaufoy 
never applied his data to the building of steam vessels 
and Symington’s boat never reached the stage of com- 
mercial utility. 

It is interesting to note Fulton’s own view of his 
work in his patent of February 11th, 1809, in which he 
claims to be “the first who. had laid down rules that 
will secure success in building such. boats or vessels; 
no patent or publications having hitherto appeared, in 
which exact and mathematical principles are explained 
to guide artizans to success in works of this kind.” 

He says further: “The development of these prin- 
ciples is indispensable to the most perfect construction 
of steamboats; it is owing to a want of accurate knowl- 
edge of these principles that the essays on steamboats, 
which have been made in different covfftries for thirty 
years, have hitherto failed.” 


“With the advent of the airship and aeroplane as 
practical machines,” states a contemporary, “there 
arises the enormous possibility of their being used 
for illegal purposes, namely, smuggling. Within the 
next year or two the science of aviation is certain to 
grow to an extraordinary extent, and then we shall 
behold a gradual revival of the old smuggling days, 
only by air instead of by sea. According to reports, 
a privately owned airship recently started from its 
hiding place somewhere in the south of England and 
calmly journeyed to Ireland in one night, encamped 
during the day within a few miles of a large town, 
and returned to its home the following night without 
being discovered. Now, if that is true, continues our 
contemporary, how simple it would have been for the 
owner of that airship, had he so desired, to have done 
a little smuggling of illicitly-distilled whisky. And 
so airships in their present embryonic state are in 
reality an unknown danger to the customs, for who 
knows that there are not other secret airships in eon- 
struction in this country and abroad? How the pos- 


sible evil is to be encountered is a problem which the 
authorities should consider at once.” 
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THE very high power which is now demanded of 
naval ordnance, and especially of ‘he main armament 
of battleships, has led generaily to a consideration of 
the utmost importance—the life of the guns. Guns 
have now to withstand strains which not only tax 
them from the mechanical point of view, but also re- 
act upon the steel of which they are built. Much has 
already been written upon this subject. It is dealt 
with at some length in the last issue of Brassey’s An- 
nual in a separate chapter, in which attention is called, 
not without reservations, to the excellent quality 
claimed by Messrs. Krupp for the guns of their manu- 
facture as compared with those built at other works. 

A pamphlet published by Messrs. Krupp, in which 
they also deal with this same matter after carrying out 
a series of gun-firing tests, is reviewed in an article 
published by the Mitteilungen iiber Gegenstainde des 
Artillerie- und Geniewesens, Vienna. In the latter the 
writer demurs to several of the test conditions and 
cther data given. The pamphlet also forms the theme 
ef an article in Artilleristische Monatshefte, Berlin, 
which is laudatory throughout, and which states that, 
thanks to the method of construction followed by 
Messrs. Krupp, thanks also to the crucible steel they 
use, their guns have a much higher efficiency per unit 
of weight than, those of other nations, the higher effi- 
ciency being combined with a much longer life. 

The comparison of guns, even of guns which are 
built and in service, on the basis of their efficiency 
per unit of weight may be an interesting one, Sut is 
without technical or military value. In regard to 
weight, the total weight of an armament is the only 
consideration which counts for anything. When a gun 
of light build requires a heavy mounting, we do not 
see for what purpose a gun manufacturer should go 
out of his way to reduce the weight of that portion of 
an armament, the gun, which is subject to the most 
violent strains, to lose afterward the economy thus 
achieved, by overloading the other portion of the arma- 
ment, the mounting which undergoes strains less vio- 
lent. The appositeness of this remark cannot be de- 
nied. It could be illustrated by numerous examples; 
the following one will suffice: The mobility of field 
guns, which is defined by the weight behind the horses, 
not by the gun alone, is a point of the highest impor- 
tance in this class of armament, and the German 
works, like all other manufacturers of field guns, take 
this point into due consideration. But the German 
works do not deal with this particular problem in the 
case of field guns by reducing the weight of the gun. 
The Krupp 75-millimeter (2.95-inch) gun weighs 390 
kilogrammes (859.6 pounds) for a muzzle energy of 83 
meter-tons, equal to an efficiency of 212 meter-kilo- 
grammes per kilogramme, much below, therefore, the 
300 meter-kilogrammes claimed; this, however, should 
not be taken to imply that a lower ratio is not, when 
all is considered, as advantageous all round as a higher 
one. 

In regard now to the life of guns, we may be allowed 
to record briefly the most widely entertained theories 
as to the causes of the gradual wearing effect of firing. 
In the first place we wish to state that in practically 
every case a gun is set aside for loss of precision due 
to the wearing action, much before the time when this 
action has rendered the gun unserviceable from the re- 
sistance point of view. In an interesting article by 
Mr. P. Siwy in the Zeitschrift fiir das gesante Schiess- 
und Sprengstoffwesen, February ist and 15th, 1908, the 
characteristic feature of the wear of guns is stated to 
be an increase in the diameter of the bore at each 
round fired, due to the erosion of the metal at the sur- 
face. This is caused by the currents of gases, the 
speed of which may be 2,000 meters per second. The 
gases act on the surface of the bore, which is softened 
down by the exceedingly high temperature—3,000 deg. 
to 5,000 deg. C._—however short may be the action—10 
to 15 thousandths of a second. For similar powders 
the intensity of the gas currents forms the main factor 
of wear, and the intensity is proportional to the weight 
of powder. burnt per unit of length of the circumfer- 
ence; i. e., per unit of dimension indicating the caliber. 
Acccording to Mr. Siwy, therefore, if we call I the 
factor of wear, ¢ the caliber, and w the weight of the 

w 
powder charge, we have the formula | = —, which af- 
c 
fords an easy and safe means for ascertaining the dam- 
age to which a gun Is subjected in regard to wear due 
ic normal conditions of firing. 

For similar guns, similarly loaded, the charge is pro- 
portional to the cube of the caliber. The factors of 
wear 1, lL, 4, of guns, compared one with an- 
other, are proportional to the square of their calibers 
The life of a gun, however—and this 
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ITS LIFE AND POWER. 


is a point which should not be forgotten—is influenced 
also by other causes; among these the*density of the 
powder gases plays a part in the transmission of the 
temperature to the surface of the bore; the period of 
time during which the gas currents come into contact 
with the metal, supposing their velocity to be sufficient 
to cause wear, etc. Actual practice tends to show that 
the life of a gun, other conditions being equal, is in- 
versely proportional to its caliber; this is generally 
admitted. But leaving these other causes out of con- 


1, C, 
sideration, a comparison of the ratios — with ( a 
2 


of two different guns yields interesting information. 


1, C,\2 
The more the ratio — will exceed that — the more 
L Cs 
severe will the firing conditions of the gun of caliber 
c, be, compared with those of the gun of caliber c,, 
and inversely. 

Mr. Siwy has also considered the influence of the 
steel used for the gun, and gives particulars of tests 
made on this point. In these tests tubes 20 milli- 
meters (0.78 inch) in diameter, of various qualities of 
steel, differently treated, were screwed into a massive 


precise technical conclusion. It is true that, in order 
to prove the good state in which the guns were after 
the firing experiments, the records of a number of 
rounds fired at long ranges are given; the results of 
these rounds show a marked precision, and the writer 
in Artilleristische Monatshefte throws emphasis upon 
this point. But it is well known that excellent firing 
can be accomplished even by a worn gun, by fitting to 
the projectile a suitable rifling band. The Krupp 
pamphlet states that various types of rifling bands 
were used, and this detracts much from the value of 
the firing experiments, both from the point of view of 
wear on the gun, and from that of the advancement of 
the projectile against the chamber slope on loading 
the gun. 

A consideration of the factors of wear put forward 
by Mr. Siwy leads to-interesting figures. We take for 
comparison with the German guns our own 12-inch, 
Mark X, 45-caliber gun (see table); it is to be noted, 
however, that as the German powder contains only 25 
per cent nitroglycerine, it has a less damaging effect 
upon the gun than our M D cordite. The Krupp 28- 
centimeter gun even fired rounds with powder the 
proportion of nitroglycerine in which was as low as 
15 per cent. 


COMPARISON OF BRITISH 12-INCH GUN WITH THE GERMAN 21-CENTIMRTER AND 28-CKNTIMRTER GUNS. 


| | Factor of Wear. 
Guns. Calibers in Powder Charges in Kilo- (Weight of Powder | Ratio of Factors | Ratio of Squares 
, Millimeters. grammes and Pounds. in Kilogrammes per of Wear. of Calibers. 
Millimeter of 
Caliber.) 
w l (A) (B) 
12-in, Mark X ¢=3mm, | 147.4 kg. (825 Ib.) 
8.2-in. Krupp C. 0145cal.,.No.1| = 210mm, 1, = (<) = 21 
82in. KruppC. O145cal.,No.2) 20mm, } 1, = = | (—) =21 
(min, % kg. (209 Ibs.) | _ 0.35 
ll-in. Krupp C. 61 45 ecal....... Cs = 230 mm. (max. 107 kg. (235.4 Ibs.) 38 = 16 = 1,18 


jacket, in which was cut a powder chamber of large 
dimensions; thus enabling the firing of powder charges 
varying greatly in weight, so that the influence of the 
factor 1 of wear could be ascertained. This factor was 
accurately determined by the tests; and in regard to 
the influence which the quality of the steel had in the 
matter of wear, the tests led to the remarkable con- 
clusion that this, the nature of the steel, had but a 
very limited importance. Mr. Siwy said: “As will be 
seen from these results, there is no difference to speak 
of between various classes of steel, because as soon as 
the temperature is sufficientiy high to melt the upper 
surface, the resistance of the latter to the erosive ac- 
tion of the powder gases becomes independent of the 
class of metal. This was proved in an effective way 
by the tests, and would show that any difference in the 
number of rounds possible would be very small.” Ac- 
cording to him, there is no class of steel that does not 
soften down at the surface of the bore under the high 
temperatures developed by modern powders; conse- 
quently, the action of hot-gas currents produced by the 
same powders is practically identical for all classes of 
steel, including, of course, crucible steel, which he evi- 
dently also tested. 

The German expert rightly points out that the orig- 
inal state of a gun resulting from the allowances 
granted in its construction may exert a great influence 
upon its life. Of two 28-centimeter guns, for example, 
ene can probably have a diameter of 27.99 centimeters, 
and the other a diameter of 28.01 centimeters. If such 
guns be considered to have lost their accuracy when 
their bore has reached a diameter of 28.03 centimeters, 
it is quite clear that the first one will have a longer 
life than the second. It would be wrong, therefore, 
from the evidence of one gun, to arrive at a conclusion 
concerning any gun of the same caliber and make. 

If we now take a closer view of Messrs. Krupp’s 
pamphlet, as reviewed by our German contemporaries, 
bearing in mind the above considerations put forward 
by Mr. Siwy, we are led to the view that no informa- 
tion is given as to the original condition in which the 
guns dealt with (two 2l-centimeter and one 28-centi- 

_meter guns) stood at the commencement of their fir- 
ing tests. The wear is only defined by the gradually 
more forward position which the projectile took 
against the chamber slope on loading the gun; there 
are no figures which make it possible to ascertain the 
increase in the diameter of the bore, neither over its 
whole length nor at separate portions only. The wear 
of the guns therefore is incompletely defined, and the 
particulars given do not make it possible to draw any 


As will be seen, the figures of wear in column A are 
all higher than those of column B, the latter being 
the ratios of the squares of the calibers considered. By 
referring to our brief review above of Mr. Siwy’s 
tests, and to our table, it will be noted that the condi- 
tions which make for wear as compared with our 12- 
inch gun are much less for the 2l-centimeter Krupp 
gun No. 1, less for their 21-centimeter gun No. 2, and 
still less for their 28-centimeter (11-inch) gun. The 
powder-charge of the latter should have been 247 
pounds (112 kilogrammes) for firing conditions simi- 
lar to those of our 12-inch gun. 

In conclusion, we find that the German guns con- 
sidered have, in reality, fired but a limited number of 
rounds under really stringent conditions; these rounds 
were less stringent than those applied normally to our 
12-inch Mark X guns. The remainder of the rounds 
fired by the German guns were not of a nature to 
strain them heavily in any way, three or four rounds 
fired with a reduced power charge not causing more 
wear than one fired with a normal charge. The deduc- 
tions arrived at in German circles as to the great re- 
sistance to wear of the Krupp guns, following the fir— 
ing trials of the 2l-centimeter and 28-centimeter guns 
referred to, cannot, therefore, withstand a technical 
investigation carried out methodically. 

With regard, further, to.the “satisfactory influence 
in regard to wear of the excellent quality of the spe- 
cial Krupp steel,” a point of which so much has been 
made, it would be interesting to know on what fact 
this appreciation has been based, which we find dis- 
agrees so entirely with the results of the tests, made 
by Mr. Siwy, to which we have alluded.—Engineering. 


Some interesting experiments are being conducted 
by the South Park Commissioners of Chicago in the 
lighting of the boulevards under their control. Sev- 
eral different types of lamps have been installed on 
temporary posts in order that the comparative illum- 
inating effect may be observed and a determination 
made of how high the lamps should be hung and how 
far apart, and similar considerations. The lamps under 
test or about to be tested include incandescent gas 
lamps, inclosed arcs, magnetite arcs, flaming arcs. and 
incandescent tungsten lamvs. The commissioners hove 
to obtain valuable data. both as reeards illumination 
and economy. from these trials. the latter being an 
important factor, as it is estimated that 1,000,000 kilo- 
watt hours per annum wil! be required for the lighting 
of Grant Park alone, 
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THE AERODYNAMIC INSTITUTE OF AUTCHINO. 


EXPERIMENTAL AIDS TO THE AERONAUT. 


WELL-EQUIPPED experimental laboratories are indis- 
pensably necessary for the progress of aviation. Sev- 
eral such laboratories are already in existence in 
France and elsewhere, but they are not sufficiently en- 
dowed to be able to furnish all the results hoped for. 
Nevertheless, Teisserenc de Bort has obtained in his 


Fie. 1.—TUBE USED FOR EXPERIMENTS 
IN AIR CURRENTS. 


laboratory at Trappes wonderful results, which should 
greatly encourage the directors of the new laboratory 
which is to be established on the generous foundation 
of M. Henri Deutsch. 

The most important laboratory of this kind now in 
existence is situated at Kutchino near Moscow. It was 
built by a wealthy scientist, Mt. Riabouchinsky, and 


Fie. 2.—AIR PROPELLER REVOLVING IN AIR 
CURRENT PERPENDICULAR TO ITS AXIS. 


was completed in 1904. It comprises a very comfor- 
table dwelling for the officers, another for the work- 
men, a main building of two stories, a four-story tower, 
and various’ annexes. In the main building is a large 
hall 100 feet long, 43 feet wide, and 28 feet high. The 
tower is 20 feet square and 66 feet high. There are 
two workrooms on the ground floor; on the floor above 
are a woodworking shop and a room for measuring ap- 
paratus and physical instruments. Power is furnished 
by a high-pressure boiler and a 30-horse-power steam 
eugine, which drives a dynamo, which operates eight 
electric motors distributed through the rooms and 


Fie. 8.—APPARATUS FOR STUDYING THE 
IMPACT OF A CURRENT ON A SURFACE. 


also furnishes current for lighting. The special ma- 
terial which the Institute possesses was made in the 
establishment. The programme of researches com- 
prises three main sections: air resistance, practical 
applications of the law of air resistance, and, finally, 
the scientific exploration of the various strata of the 
atmosphere. : 

Air Resistance.—One of the first researches attempt- 
ed was a study of the artificial air current produced 
in a tube constructed for the experiments in alr re- 
sistance. This tube (Fig. 1) is horizontal, 48 feet 


BY LUCIEN FOURNIER. 


long and 4 feet in diameter. The air is drawn through 
it by an electric fan 39 inches in diameter. The cur- 
rent thus produced by aspiration is more uniform than 
a current produced by forcing air into the tube. This 
fact was discovered by Prof. Sokolov, of the University 
of Moscow. The models to be tested are placed inside 
this tube, which is provided with windows and is 
placed at a height convenient for observation. Two 


Fie. 4—DETAILS OF APPARATUS SHOWN IN 
Fra, 8. 


small Caselli anemometers are suspended within the 
tube by steel wires; one fixed in the axis, the other 
movable. The indications of the former are found to 
be always proportional to the speed of the electric fan. 
As the wall and floor of the room were found to affect 
the regularity of the current when the end of the 


~tube was open, this end was covered by a light metal 


Fie. 5.—APPARATUS FOR MEASURING 
COMPONENTS OF PRESSURE ON 
INCLINED PLANE. 


grating. As this did not give satisfactory results, it 
was replaced by a series of screens between the end 
of the tube and the wall about 7 and, finally, by a cylin- 
drical cap about 7 feet in diameter and 11 feet long, 
into which the end of the tube penetrates about 6 feet. 


Fie. 6.—RENARD’S DYNAMOMETRIC BALANCE 
MODIFIED FOR EXPERIMENTS WITH 
AIR PROPELLERS. 


_This cap is made of wood and lined with coarse cotton 
stuff. 

The results now become very interesting, the mean 
difference between the greatest and smallest velocities 


in the tube being only about 8/10 inch per second. 
This tube is used for various researches, including a 
study of the movement of air propellers in a current. 
Hiram Maxim has observed that when the wind blows 
at right angles to the axis of the screw, the propulsive 
force of the latter is increased. Prof. Joukovsky was 
led to the same conclusion by experiments made to 
determine the variations in the lifting power and 
the work performed by the screw, in relation to the 
velocity of a current at right angles to its axis. These 
experiments were performed as follows: A screw pro- 
peller 12 inches in diameter, with two blades inclined 


ofa 


Fie. 7—APPARATUS FOR EXPERIMENTS 
WITH SMALL AIR PROPELLERS. 


at 6 degrees, is driven by an electric motor, A, attached 
to a steel frame inserted in the tube (Fig. 2). This 
frame can turn freely about a horizontal axis at B, 
while the other end is terminated by a rod @, which 
passes through the wall of the tube. To this rod is 
attached a cord which passes over a pulley EZ, and 
supports a scale pan F. By placing weights in this 
pan, the frame can be balanced when the screw is 
either at rest or in motion. The difference between 
the weights in the two cases multiplied by the ratio 
between the arms of the lever (BD and BA) gives the 
lifting power of the screw propeller. 

The work performed by the propeller is obtained 
by Col. Renard’s method. The motor is mounted on 
pivots, so that it can turn freely. To the motor is at- 
tached a ring G, about 2 inches in diameter, over 


Fie. 8.—-APPARATUS FOR EXPERIMENTS 
WITH LARGE AIR PROPELLERS. 


which passes a cord which traverses the wall of the 
tube, passes over the pulley H, and terminates in the 
scale pan F’. By the effect of reaction, the motor is 
impelled to rotate in a direction opposite to that of the 
propeller. The moment of the force which turns the 
motor (which is equal to that of the force which turns 
the propeller) is obtained by multiplying the weight, 
added to the scale pan F” during the rotation of the 
propeller, by the radius of the ring surrounding the 
motor, and the work performed is obtained by multi- 
plying this moment by twice the number of turns per 
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second made by the propeller. These experiments 
show that the lifting force of the propeller, as well as 
the ratio between this force and the work expended, 
increases with the velocity of a current of air at right 
angles to the axis. 

Air Propellers—The most important researches 
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Fie. 8a.—DIAGRAM OF APPARATUS SHOWN 
IN Fie. 8. 


made at Kutchino relate to air propellers. Riabou- 
chinsky classifies sustaining apparatus in four groups. 
First. The oar group, including ordinary oars, aerial 
paddle wheels, and apparatus comprising wings with 
valves. 
Second. The screw-propeller group, including the 


Fie. 9.—APPARATUS FOR THE STUDY OF 
FRICTION BETWEEN AIR AND 
A MOVING SURFACE. 


screw propeller, the aeroplane (which is regarded as 
a blade of a propeller of infinitely great diameter), 
and apparatus with wings vibrating in a plane perpen- 
dicular to the direction of the thrust. The action of 
all apparatus of this group is based upon the properties 
of the inclined plane. 

Third. The centrifugal-pump group, comprising ap- 


Fie. 10.—RODS CUT TO SHOW PHENOMENA 
OF AUTOROTATION. 


paratus in which air, attracted by the barometric de- 
pression formed at the center, is projected outward by 
centrifugal force, and then diverted into the proper 
directions by fixed surfaces. 

Fourth. The weather-vane group. The operation of 
apparatus of this class is illustrated by experiments 


Fie, 11.—APPARATUS FOR MEASURING THE 
PRESSURE OF AN AIR CURRENT 
ON A ROTATING SECTOR. 


with an elongated rectangle in rotation about an axis 
at right angles to the direction of an air current. In 
regard to the study of the inclined plane, Lilienthal 
has pointed out that the specific resistance experienced 
by each element of a sustainer with wings may be 


twenty times as great as that of a plane moving uni- 
formly in a straight line. He attributes this increase 
of pressure to the inertia of the surrounding air. 
Joukovsky explains the increase by the formation of 
air waves, by the vibrations of the wings. Goupil, 
also, has observed that the mean pressure per unit of 
surface in the case of an alternating and accelerated 
rotary motion is greater than in uniform motion in a 
straight line. He explains the increase, partly by the 
inertia of masses of air clinging to the surfaces, and 


Fig. 12.—STROBOSCOPE. 


partly by the increase of the relative velocity of the 
current, which meets each element of the surface, in 
consequence of the centrifugal acceleration. 
Riabouchinsky began by studying a sustainer the 
blades of which had an alternating rectilinear motion 
and subsequently determined the specific resistance 
for uniform circular motion. In the latter case he 
finds the coefficient of resistance equal to 0.885. For 
the purpose of studying the effect of the impact of a 
current upon a surface, he devised an apparatus (Fig. 
3) composed of two planks D D connected by cross 
ties and forming a sort of raft, which can descend the 
current of a stream, guided by the iron wire C. Upon 
the raft is mounted the apparatus shown in Fig. 4, 
consisting of a tube B, 6 inches in diameter, with an 


Fie. 13 -SECTORS EMPLOYED IN EXPERI- 
MENTS IN AUTOROTATION. 


indicator EZ, which registers the pressure in the tube 
upon the chronograph cylinder F. The tube B is L- 
shaped. Its horizontal part contains a piston attached 
rigidly to an aluminium disk A, 12 inches in diameter 
and 1/12 inch thick. The tube is filled with water, 
and the board G-upon which it rests is capable of 
sliding with some friction in grooves cut in the cross 
ties. The post A allows the raft to pass, but suddenly 
stops the board G. The pressure thus produced is in- 
dicated on the chronograph. 

Action of the Air Upon an Inclined Plane.—To de- 
termine the components of the pressure of the cur- 
rent upon an inclined plane, the apparatus shown in 
Fig. 5 is used. The vertical axis A turns in ball bear- 
ings, C C, and can be fixed in any position in the tube 
B by the screw P. A plane surface Z is attached to 


Fie. 14.—APPARATUS FOR MEASURING THE 
PRESSURE OF WATER ON A 
REVOLVING SECTOR. 


the lower end of the rod, while the upper end carries 
a counterpoise 7, and an index J. To the tube is fitted 
a copper circle Q, 24 inches in diameter and divided 
into degrees. The tube swings on pivots GG, and is 
brought back to the vertical by means of a beam and 
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scale pans. By placing the required weights in the 
pans, the pressure exerted by the current upon the 
plane can be balanced and measured. By turning the 
axis A in the tube, the plate Z can be caused to meet 
the current at different angles, and the components 
of the pressure for any given inclination can be ob- 
tained by turning the graduated circle M. Further- 
more, by fixing the beam of the balance and unscrew- 
ing P, the position of the center of pressure can be de- 


Fie. 15.—STREAM LINES DISTURBED BY A 
ROTATING VANE. 


termined, if the plate Z is replaced by a plate capable 
of turning about the points cc, as shown in the small 
illustration. It is found that the displacement of the 
center of pressure as a function of the angle of inci- 
dence depends not only upon the distribution of pres- 
sure on the front of the plane, but to a still greater de- 
gree upon the reduction of pressure at the back. This 
reduction is greatest near the forward edge. 

Lifting Propellers.—Lifting propellers have been 


Fie. 16.—TANDEM SOUNDING BALLOONS. 


studied by means of three types of apparatus. Fig. 6 
shows a modification of Renard’s double dynamometric 
balance, from which it differs only in having the pro 
peller placed some 6 feet above the motor, so that it 
operates in a perfectly clear space. In order to meas- 
ure with precision the moment of resistance, the pro- 
peller must be arranged to drive the air backward. 
The angular velocity of the propeller is measured by 
means of a seconds clock, which is started and stopped 
by an electromagnet after each 100 revolutions of the 


Fie. 17.—BAROTHERMOGRAPH. 


propeller. The propeller and motor are suspended by 
means of cords upon two pairs of knife edges, of which 
one is parallel and the other perpendicular to the axis 
of the propeller. This balance serves for testing pro- 
pellers of from 20 inches to 10 feet in diameter. In 
the second apparatus (Fig. 7) the axis of the motor 
is vertical; and the propeller is driven by the conical 
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transmission PD. The thrust and the moment of resist- 
ance are determined separately by turning the disk M 
through a right angle, and by fixing the axis of the 
propeller parallel or perpendicular to the knife edges A. 
This machine is used for propellers of diameters be- 
tween 8 inches and 20 inches. The largest propellers 
are examined by means of the apparatus shown in 
Figs. 8 and 8a. The vertical shaft A of the propeller 
is free to rise, sink, and revolve in the ball bearings 
M M, M.. Its lower end rests upon the ball bearing D, 
which is suspended by knife edges from the beam C 
of the spring dynamometer D, by means of which the 
thrust of the propeller is measured, by eliminating 
the weight of the propeller and its shaft, which has 
been determined by a preliminary experiment. The 
moment of resistance and the work performed are 
measured by the dynamometer 0 Q R P. With this 
apparatus very interesting researches have been made. 
The results are contained in a series of tables pub- 
lished in the Bulletin of the Institute. 

Air Friction.—The frictional resistance to the mo- 
tion of a surface is studied by means of the apparatus 
shown in Fig. 9. An endless band of rubber, covered 
on both sides with cloth, is stretched over two hollow 
cylinders A and B, 20 inches in diameter. The band is 
about 5 feet wide. The cylinder A is turned by an 
electric motor of 14 horse-power. Between the two 
cylinders, and between the upper and lower halves of 
the traveling band, is a smooth horizontal table 40 
feet long and 6 feet wide. 

Autorotation.—If a rod is cut as shown in the left- 
hand drawing of Fig. 10, mounted upon an axis and 
exposed to an air current, nothing happens; but if a 
movement of rotation is impressed upon the rod, it will 
ecntinue to turn indefinitely. Inspired by this curious 
phenomenon, M. Kousnetzou has constructed a similar 
apparatus, which rotates without any initial impulse. 
It consists of a square rod about \ inch thick and 6 
inches long, mounted on an axis through its middle 
point, and cut away on the two sides of its axis along 
two diagonal planes perpendicular to each other, as 
shown in the right-hand jllustration (Fig. 10). If a 
current of air is directed against the plane surface of 
the apparatus, the red begins to rotate with the uncut 
sides of each part in front. Similar movements have 


been observed by several investigators, and they have 
heen studied seriously by M. Riabouchinsky by means 
of the apparatus shown in Fig. 11. The object to be ro- 
tated is cut out of a disk, and is fixed in a fork A A’ 
at one end of a steel rod B B’, which is rigidly con- 
nected with a vertical axis D, around which it can 
turn in the bearings E E’. To the other end, F, of the 
rod are attached two cords G G’, passing over pulleys 
H’ and terminating’ in the scale pans K K’. The 
oscillations of the rod are damped by means of a 
metal plate dipping into a vessel of oil Q. The véeloc- 
ity of rotation of the sectors is determined with the 
stroboscope illustrated in Fig. 12. This is an iron 
disk 12 inches in diameter, driven by an electric 
motor capable of making 2,000 turns a minute, and 
having a square hole 5 inches from its center. To the 
axis of the motor is attached an endless screw, which 
drives a toothed wheel, by which a circuit is closed 
after each 100 turns of the screw. The current passes 
through an electromagnet, which stops or starts a sec- 
onds clock. The velocity of the disk can be modified 
by pressing a piece of leather against it. By this 
means its velocity may be made precisely equal to that 
of the rotating sector. When this has been accom- 
plished, the sector, viewed through the stroboscope, 
appears motionless. The electromagnet is then intro- 
duced into the circuit to start and stop the seconds 
clock, which indicates the number of seconds in which 
the stroboscope, and consequently the sector, have per- 
formed 100 revolutions. Experiments were made with 
fourteen sectors represented in Fig. 13. These experi- 
ments show that the sectors continue to turn without 
interruption after the initial impulse; that an entire 
disk does not rotate; that the velocities of rotation are 
proportional to the velocity of the air current; that 
the pressure upon the moving sectors is greater than 
that upon sectors at rest; that the coefficients of rota- 
tion and of resistance increase rapidly with the in- 
crease of the central angles, and attain maxima when 
the sum of these angles is 45 degrees. Sectors with 
beveled edges turn much more rapidly than others. 
Autorotation takes place equally well in water. It 
has been studied with the apparatus shown in Fig. 14. 
A B is a wooden lever turning about C. The disks 
are attached to the lower end of this lever at D. At 
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E is attached a cord running over a pulley F and 
terminating in the scale pan K, in which the weights 
may be placed to balance the pressure exerted upon 
the rotating disk by the water. This apparatus was 
set up on a foot bridge over a stream, into which the 
rotating disk was lowered. The results obtained 
agree very well with those obtained in air. — 

Joukousky has endeavored to give a theoretical an- 
alysis of the case of a symmetrical body impressed 
with an initial rotation, and immersed in an air cur- 
rent directed perpendicularly to its axis of rotation. 
He gives the following explanation: In consequence 
of the initial movement, the critical point of zero 
velocity, A (Fig. 15), is found on that side of the ro 
tating body where the motion of the air caused by the 
rotation is opposite to that of the wind. The stream 
lines then. assume form in which the currents which 
move in the direction of rotation of the vane are more 
widely extended than those which move in the opposite 
direction. The effect of this is to maintain the rota- 
tion of the vane. The line integral of the velocity 
taken around the line A B D A which embraces the 
cyclonic region is not equal to zero. In addition to 
the pressure, a force O acts upon the vane in the di- 
rection A B, at right angles to the wind. The cause 
of this lateral pressure has been pointed out by Mag- 
nus in connection with his experiments on the devia- 
tion of rotating spherical projectiles from the vertical 
plane, as follows: 

The molecules of air near the point A move less 
swiftly than those near the point B; consequently, the 
pressure at A is greater than that at B. and the re- 
sultant pressure takes the direction A B. 

Sounding Balloons.—Experiments with sounding bal- 
leons have also been made at Kutchino, in accordance 
with the programme of the International Commission. 
The balloons are made of India rubber, and are filled 
with hydrogen. At first two balloons connected by 
wire were used, but now a balloon with an attached 
parachute is employed. Each balloon carries a baro- 
thermograph of the type shown in Fig. 17, with di- 
rections for its care pending its return to the Institute, 
and a promise of a reward of 10 rubles if the injunc- 
tions are followed carefully.—Translated for the Scren- 
TIFIC AMERICAN SUPPLEMENT from La Nature. 


STEAM TURBINE GOVERNORS. 


THE SYSTEMS AT PRESENT EMPLOYED. 


Steam turbines may be governed in several ways, 
but the method most commonly employed in this coun- 
try is that of varying the period of steam admission, 
and is known as blast governing. This arises from 
the fact that the majority of turbines in use in Eng- 
land are constructed on the Parsons principle, but on 
the Continent and in America, where the Curtis, 
Zoelly, Rateau, De Laval, and other types are in promi- 
nence different means of governing are more often 
met with. In the blast method, as is now well known, 
steam is admitted to the turbine by a double beat bal- 
anced valve, in puffs of long or short duration, accord- 
ing to the demand for load. When the load is light 
the. valve opens for short periods and remains closed 
during a greater part of the time, but as the load 
increases, the period during which the valve is closed 
becomes shorter, and the turbine consequently receives 
more steam. The mechanism employed by Mr. Parsons 
for operating this valve is too well known to need 
description, but slight modifications have been intro- 
duced by the various firms who have taken up the 
manufacture of this class of turbine. 

So far az the running is concerned blast governing 
has proved eminently satisfactory, the turbines re- 
eponding remarkably well to sudden and large fluc- 
tuations in load. The speed variation from no load 
to full load can be kept within very fine limits, and 
provided the governor is in order, hunting troubles 
should be unknown. It is sometimes argued that the 
relay used for operating the puppet valve involves con- 
siderable complication; but this is more imaginary 
than real. That such a governor is a little more com- 
plicated and expensive to construct than one of the 
ordinary throttle valve type is, of course, quite obvi- 
ous; but the introduction of the few additional parts 
gives the charge engineer but little, if any, more trou- 
bie. Usually when a relay-operated governor fails to 
work satisfactorily the fault can be traced to the re- 
lay plunger sticking, and by removing and cleaning it 
sluggish governing is generally cured. The object of 
admitting steam to the turbine in puffs instead of in 
a continuous stream is to prevent throttling at light 
loads, the idea being that the full benefit of the high- 
pressure steam can be secured at all loads. Some tur- 
bine manufacturers, however, seem to have come to 
the conclusion that the blast method has very little 
if any, advantage over the plain throttling system; 


and throttle valves actuated by an ordinary fly-ball 
governor are to be found in use. In the Willans-Par- 
sons steam turbine, for example, a throttle valve gov- 
ernor is used, and apparently with very satisfactory 
results. On the other hand, Messrs. Brown, Boveri & 
Co., who have also taken up the manufacture of Par- 
sons steam turbines, have adhered to the original prin- 
ciple of blast governing; but oil under pressure is used 
instead of steam in the relay cylinder. The oil used is 
the same as that employed for lubricating purposes; 
thus, if the oil pressure fails, the relay piston cannot 
be lifted, and the turbine consequently stops. The 
use of oil instead of steam is claimed to have the fur- 
ther advantage that the working of the governor is 
practically independent of the steam pressure. The 
Westinghouse-Parsons turbine is also fitted with a 
blast governor, and the same applies to the Parsons 
type of turbine as manufactured by the Brush Elec- 
trical Engineering Company. Of course, in a turbine 
like the Parsons or Rateau, where there is a very large 
number of stages, the blast and throttle methods are 
the only two to choose from. 

Those who are not in favor of the blast method 
argue that the times of admission of the steam into 
the turbine casing are far enough apart to allow the 
inside of the casing to be cooled by the drop in tem- 
perature between the puffs. Thus, as in the case of 
the steam engine, when there is a fresh admission 
the hot steam makes contact with the relatively cooler 
walls of the turbine casing and. condensation takes 
place. But it is not easy to say to what extent this 
is true, and whether the efficiency of the turbine suf- 
fers to a great extent owing to this. With throttle 
governing there is naturally a loss owing to the veloci- 
ties and pressure in the, blades being different at light 
loads from the pressure and velocities for which the 
blades were designed, and further, the steam being 
throttled the pressure is reduced and the available 
energy derived from expansion is correspondingly less. 
The throttling process naturally dries the steam, or it 
may even superheat it; but this can contribute but 
little toward reducing the losses. It is of course a 
very simple matter to test a turbine at various loads 
with a throttle and blast governor, and so arrive at 
the relative efficiencies of each type. 

As regards by-pass governing, it is obvious that 
economy in steam with such a method cannot be looked 


for, but the usefulness of the system is often great. 
Semetimes the by-pass valves are operated automati- 
cally and come into action as soon as the turbine is 
overloaded, while in other instances they are operated 
by hand. The practice of admitting steam at boiler 
pressure at the end of the first section—that is to say, 
considerably nearer the exhaust than usual—means 
poor economy, since the,,steam acts on many less 
blades; but by admitting steam nearer the exhaust 
the turbine can be made to develop considerably more 
power, and this is sometimes very important. In the 
case of turbines driving dynamos in large power and 
lighting stations, for example, where it is important 
that the expenditure on plant should be kept down to 
a minimum, and where heavy “peak” loads have to be 
dealt with, the use of by-passes, although uneconomi- 
cal, can have a favorable effect upon the amount of 
plant erected. When a set is under repair it is some- 
times comforting to know that in the event of another 
unit coming to grief the remaining turbines are capa- 
ble of 50 per cent, or even more, overload. But the 
trouble sometimes lies in the fact that, although the 
turbines are capable of these very big overloads, the 
generators are only rated for 25 per cent overload for 
two hours and perhaps 50 per cent for fifteen minutes, 
but speaking generally, the excess load is of short 
duration. 

The Curtis system of governing by cutting out noz- 
zles is probably the most satisfactory method invented, 
although it is not suitable for turbines having a large 
rumber of stages, as in the Parsons and Rateau types. 
With this method the full initial pressure is main- 
tained in all the nozzles that are opened, and there is 
consequently no throttling. Tests carried out on the 
Curtis turbines show that the steam consumption per 
horse-power or kilowatt hour does not vary greatly 
over a considerable range in load, and that this applies 
more particularly to the larger sizes. At the same 
time the Parsons, De Laval, and other types have done 
very well in this respect, and all things considered, it 
is somewhat difficult to judge which system of govern- 
ing operates the best. The small size De Laval tur- 
bines are fitted with a simple throttle governor, while in 
the larger sizes, in the neighborhood of 200 kilowatts, 
governing is effected by cutting out nozzles. Needless 
to say, the latter method gives much better results, 
but in small turbines where the total quantity of 
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steam used is small, it is scarcely worth while com- 
plicating the machine with the necessary gear for 
varying the number of nozzles. in Germany, from 
which country most things intricate emanate, a sys- 


THE INTERNAL-COMBUSTION 


tem of governing has been devised in which adjustable 
slides are arranged in the various stages in front of 
the inlet openings of the guide vane wreaths, and judg- 
ing from test figures, the results obtained with the 
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system are highly satisfactory. Such a method of 
governing, however, is clearly not applicable to tur- 
bines having a large‘ number of pressure stages, such 
as the Parsons and Rateau types.—Engineer. 


ENGINE.—II. 


RECENT IMPROVEMENTS. 


We have already explained how important in the 
cconomical development of the internal-combustion en- 
gine is an accurate and precise knowledge of the physi- 
cal properties of the working medium. The two chief 
features of which a knowledge is required are the 
calorific value of the explosive mixture and the rela- 
tion between the specific heat and temperature of the 
ignited gases. The calorific value has been carefully 
ascertained for most of the gases commonly used, but 
the specific-heat relation is still a matter of unfor- 
tunate uncertainty. At the Leicester meeting of the 
British Association in 1907, under the sectional presi- 
dency of Prof. Silvanus P. Thompson, the desirability 
of clearing up the doubts that surrounded this subject 
was so keenly felt that an important committee was 
appointed for “the investigation of gaseous explosions, 
with special reference to temperature.” An account of 
the findings of this committee was published in Nature 
of June 24th last. From our present point of view 
the important result of the committee’s work is ex- 
pressed in the following extract from its report: 
“Recent researches on the properties of the gases at 
high temperatures have definitely shown that the as- 
sumption of constant specific heat is erroneous, and 
have given sufficient information about the magnitude 
of the error to show that it is of material importance. 
; The closer approximation to the real cycle 
which is made by taking account of the actual proper- 
ties of the working fluid, though it leads to some com- 
plication of formule, gives compensating advantages 
of real practical value.” This bears out, also, a re- 
mark made by the late Prof. Zeuner+ to the effect 
that “at any. rate there must be dropped from the 
theory of the internal-combustion motors the former 
assumption of the constancy of the specific heats of 
the products of combustion.” A curve connecting the 
specific heat at constant volume (Cv) of the mixture 
of gases, formed by the explosion of one part of coal 
gas in nine parts of air, with temperature centigrade 
(#), which was considered to be accurate within 5 per 
cent, was included in the committee’s report. A for- 
mula which fits this curve closely is 

4 
» 0.172 + 0.075 


1,000 

and although the constant in the second term on the 
right-hand side of this equation can only be looked 
upon as a first estimate, however carefully chosen, the 
equation does, probably, represent the high-water 
mark in our present-day knowledge, and from it can 
be deduced the limiting theoretical efficiency of engine 
cycles in which such a working medium is employed. 

It is well known that on the basis of a constant 
specific heat the ideal efficiency ( n) can be found from 
the following equation, 


1\y-1 
»=1—(5) 


where r is the ratio of compression and y is the ratio 
of the specific heats. This relation applies with equal 
truth whether the cycle followed is (1) the constant- 
volume cycle, (2) the constant-pressure cycle, or (3) 
the constant-temperature cycle, an important discov- 
ery attributed to Profs. Unwin and Callendar. The 
problem now arises to recalculate the thermal effi- 
ciency (7) for a working medium of which the spe- 
cific heat is not constant. Most of the important in- 
ternal-combustion engines operate on the constant- 
volume cycle, and if we re-calculate the equation to 
suit this case, making the necesSary approximations 
to secure a workable result of sufficient accuracy, 
and using the above linear law based on the British 
Association Committee’s figures for specific heats, we 
find that the new efficiency equals 


where 7, is the maximum absolute temperature (centi- . 


grade) in the cycle, T, the suction temperature, while 
» the value obtained from the equation 


yat—(}) 


using here the value of y corresponding to the absolute 


* Nature, 
+ “Technical Thermodynamics,” by Prof, Zeuner, 
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independent of the compression, and in round figures 
suitable to the calculation may be written down as 
400. The value of 7, for a given richness of mixture 
will depend upon the degree of compression before 
ignition, and can be calculated therefrom. 1In this way 
a new expression for the real thermal efficiency can 
be obtained in terms, not of 7., but of r, and the fol- 
lowing table shows a few comparative figures worked 
out in this way. The figures for the “air-standard” 
efficiency are also given by way of comparison. 


Therma! Efficiency. 
Real Thermal 


Ratio of “Air Efficiency (Approxi- 
Compression. Standard.” mate Figures), 
4 0.43 0.3 
10 0.60 0.45 


Ratio, air/gas = 9/1. 
It will be seen that in each case the real efficiency is 
about a quarter less than the “air-standard” efficiency. 

This discrepancy sufficiently explains why those 
associated with the design and building of gas engines 
have expressed their dissatisfaction with the “air 
standard” of efficiency. The adoption of the “air stand- 
ard” has led to the setting up as an ideal, to be aimed 
at and striven after, of a series of figures which it 
now-appears are about one-third above the thermal effi- 
ciencies. theoretically possible, and it is not surprising 
that engine builders, who from their practical work 
realized that there must be something wrong with the 
theory as then put forward, should have objected. It 
is not too much: to say that had the engine builders to 
depend in the past solely on scientific guidance as the 
mainspring of their investigations, there would have 
been far less progress made than has been effected by 
the system of trial and error. Even now the state of 
knowledge as to gaseous specific heats is so uncertain 
that no accurate quantitative theory of the thermo- 
dynamics of the internal-combustion engine can be 
laid down. The writer has, however, endeavored to 
show here and elsewhere how the problem may be 
investigated symbolically, and so prepare for expres- 
sion in numerical form as soon as the thermal proper- 
ties of the gases are actually known. 

Mr. Dugald Clerk, in his 1907 paper* before the In- 
stitution of Civil Engineers, made some estimates of 
real efficiencies based on theoretical maximum tem- 
peratures of 1,600 deg. C. and 1,000 deg. C., and his 
results are given below. 


Ideal Efficiencies. 
If Maximum If Maximem 

Temperature of Temperature of On Air 
r Cycle 1600° Cycle 1000° C. Standard," 
2 0.195 0.200 0.242 
3 0.286 0.293 0.356 
4 0.354 0.356 0.426 
5 0.384 0.394 0.475 
7 0.439 0.443 0.541 


It was apparently contemplated that these figures 
might be used in comparison with engine performances 
in which the real maximum temperatures were also 
1,600 deg. C. and 1,000 deg. C. This, however, would 
be open to several objections. As an instance, take 
the case of an engine which by improved design was 
made capable of giving for the same mixture and the 
same compression ratio a Ligher maximum tempera- 
ture and pressure. Such an effect might be pro 
duced, let us say, by decreasing the ratio of cooling 
surface to volume through an alteration in the amount 
of pocketing. This new engine, on the basis of com- 
parison with an ideal cycle having an identical maxi- 
mum temperature, would probably show little, if any, 
improvement in relative efficiency over the old en- 
gine. Stich a result would tend to defeat the purpose 
for which comparisons with ideal cycles are made. It 
would seem to the author that the better way would 
be to compare both old and new engines with an ideal 
cycle having a maximum temperature corresponding 
to the known richness of the mixture, its calorific 
value, and the ratio of compression. 

A factor that has effected most advantageously the 
recent progress of the internal-combustion engine is 
the great improvement that has taken place in engine 
indicators. The old moving lever design, although 
thoroughly serviceable for most steam engines and 
for many slow-moving internal-combustion engines, 


has been found entirely untrustworthy with modern 
high-speed internal-combustion engines. A new form 
of instrument has been devised in which the record- 
ing lever is a beam of light, which, having no inertia, 
has no time-lag. This vitally important improvement 
in the indicators was due, in the first instance, to the 
prescience of Prof. Perry,* and in its later stages to 
the experimental skill of Profs. Callendar and Hopkin- 
son. The writer has recently calculated out the case 
ef an indicator of which the free periodic time of 
oscillation was 1/300 second, and has shown that ex- 
plosions occurring even in so short a time as 1/200 
second could be adequately followed and recorded. We 
believe that this oscillation period represents about 
the sensitiveness of one of the reflecting indicators 
used by Prof. Hopkinson at Cambridge, and the calcu- 
lation serves to show how accurately the new instru- 
ments can be made to follow extremely rapid explo- 
sions. 

It would be useless to base any deductions on the 
records given by one of the old types of instruments 
in such a sharp explosion as this. Errors of as much 
as 5 per cent are now known to have occurred in the 
measurements of horse-power made by the old instru- 
ments. On the other hand, it cannot be denied that 
the older type was a great deal easier to handle, and 
that it could be used by comparatively untrained per- 
sons. The new reflecting kind, despite its accuracy 
of measurements to within 1 per cent of the power, 
is rarely seen in workshops, and the measure of “in- 
dicated horse-power” has been very commonly aban- 
dened in favor of the measurement of “brake horse- 
power” both in the case of large and small engines. 
In the case of the numerous small high-speed gasoline 
engines, the practice of actually measuring brake 
horse-power is often replaced by the use of a rating 
formula giving a “nominal” horse-power. It seems at 
first sight extraordinary that there should be a rever- 
sion to the old unscientific “N. H. P..” but, despite their 
apparent similarity, the “N.H.P.” of the old days of 
the steam engine and boiler, and the “rating H. P.” of 
the modern gasoline engine, are really based on very 
different considerations, and, as there appears to be 
every likelihood that the latter will be constantly re- 
vised with the aid of the best scientific advice possible, 
there is little real foundation for any scientific objec- 
tion to it. The pioneer work done by Prof. Callendar 
in promoting this advance cannot be too gratefully 
acknowledged. Others have also worked at the prob- 
lem since, and a considerable “output” of rating for- 
mula has resulted. That in most common use is 


H. Ps . where D is cylinder diameter in inches, 


2.5 

and N is the number of cylinders. This formula was 
put forward with the authority of the Royal Auto- 
mobile Club, and experience has shown that in the 
great majority of cases it gives wonderfully ‘good re- 
sults. It may even be doubted whether any of the 
far more complicated formule since brought forward 
give a more accurate measurement. It is, of course, 
not fitted for use with racing motors, in which every- 
thing in design is sacrificed to piston speed, high mean 
pressure, and a sufficient endurance to last through a 
few races. For an engine having 4-inch cylinders the 
Reyal Automobile Club formula gives a rating of 25.6 
herse-power, which is about the brake horse-power 
that a normal engine of this size would yield when 
driven at a normal speed. Racing motors of this size 
have, however, given almost, if not quite, 100 hor'%e- 
power, and even if it were possible to do so it is a 
question whether it is worth while to search out a 
formula which would embrace such divergent prac- 
tice and conditions of operation. The Royal Automo- 
bile Club formula corresponds to combining a piston 
speed of 1,000 feet per second with a mean pressure 
of 67.2 pound per square inch. Before it can be re- 
vised a‘ complete series of careful experiments on en- 
gines of sizes ranging from 2 inches to 10 inches 
should he carried out. 

In the succeeding article the writer proposes to dis- 
cuss details of the recent mechanical improvement of 
the intefnal-combustion engine in relation to the the- 
oretical investigations already.discussed. 

(To be concladed.t 


Proc. 1. E,, vol, elxix, p. 145. 


* “The Steam Engine,” by Perry, p. 1%, 
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A CABLE RAILWAY ON THE ISLAND OF CAPRI. 


A MODERN SUBSTITUTE FOR A DUSTY ROAD. 


BY THE GERMAN CORRESPONDENT OF THE SCIENTIFIC AMERICAN. 


Carri tourists were, until quite recently, only left 
the choice between a pedestrian tour on the dusty road 
winding from the landing up to the village and a drive 
in one of the very few carriages at their disposal. A 
drive was expensive and as dusty as a promenade; for 
the carriages, following one another closely, would 
raise such dense clouds of dust as to hide from the 
tourist the enchanting aspect of the luxurious vines 
and lemon and orange orchards, with the picturesque 
villas encompassing the azure sea as it appeared in 
the golden rays of a southern sun. 

The recent installation of a cable railway will there- 
fore be duly appreciated, Starting from the pier, this 
railway terminates at the public square of Capri. Its 
horizontal length is 1,959 feet, and the level difference 
between the starting point and terminal is 400 feet. 
‘ The railway traverses in its upper part a curve 640 
feet in radius, the maximum gradient being 38 per 
cent; the lower station is built in rock. 

The railway exhibits some good engineering work, 
such as a viaduct 160 feet in length and 40 feet in 
height, and a tunnel 200 feet in length. 

Where there was no satisfactory rocky soil, the track 
had to be placed on masonry. The gage of the railway 
is one meter (3.28 feet). The traction rollers are 
arranged 28 feet apart. All are provided with cast-iron 
rims, which when worn out are readily renewed at no 
considerable cost. As the service is alternating with 
two cars, a siding 250 feet in length has been arranged 
in the middle. The traction cable, 14 inches in diam- 
eter, is made from first-class Siemens-Martin steel, of 
high breaking strength. 

As the speed of the traction cable is 7 feet per 
second, and as the distance traversed by the railway, 
as measured alongside the cable, is about 1,900 feet, 
each trip takes 4.5 minutes; allowing about 5.5 minutes 
for entering the train and alighting, each trip works 
out at about ten minutes. This, however, is just suffi- 
cient to take up and to carry the tourists on as they 
arrive in small launches dispatched from the ship. 

Eacl of the cars accommodates 50 passengers in nor- 
mal operation, and 60 passengers as a maximum. The 
chassis comprises the frame, two pairs of wheels, and 
the brakes. Only two wheels, placed behind one 
another, are provided with double flanges, while the 
two remaining have no flanges, this being sufficient to 
guide the car on the rails. In order to reduce the 
friction on curves, the two latter wheels are mounted 
loosely on their axles. 

The braking devices, which constitute the most im- 
portant part of the chassis, comprise an automatic 
safety brake and a hand brake, both of which are based 
on the same principle of counterweight pressure, their 
effect being multiplied by a set of angle levers. The 
automatic brake is to be set not only.in the case of a 
break in the traction cable, but generally in cases of 


emergency, when it may be actuated by the conductor. 
The hand brake is actuated by means of a vertical 
shaft with flywheel provided at its lower end, with a 
coarse thread on which slides the nut used to displace 
the counterweight of the brake, and thus to open and 


diameter. Each of the three guiding wheels mounted 
on the intermediary shaft is 10 feet in diameter. Three 
pairs of spur gears serve to transmit the motor energy 
to the gearing through the intermediary of belts. 
Each of the two continuous-current auxiliary-pole 


UPPER STRETCH 


close the latter. The hand brake is, however, to be 
used in place of the automatic brake only when. the 
latter is temporarily disabled. 

The car body is of good construction and contains 
24 seats, the platforms accommodating a total number 
of 26 standing passengers; the trellis-work car doors 
can be opened only by the conductor. Between the 
car body and the chassis are inserted rubber strips to 
absorb the shock produced on passing over the rail 
joints. Electric lamps, fed from special conductors by 
means of trolleys, are provided in the interior of the 
cars, in order to allow the latter to be lighted on 
passing through tunnels. 

The driving gear is installed at the upper station, 
which, in perfect architectural harmony with the neigh- 
boring villas, is constructed in Pompeian style. The 
main driving wheel has three slots and is 10 feet in 
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shunt motors develops 110 horse-power with a maxi- 
mum speed of 650 R. P. M.. On the countershaft are 
mounted two jaw brakes, one of which is worked auto- 
matically, and the other by hand. 

A special device serves to inform the driver of the 
actual position of the cars during their course from 
one station to the other; a tachymeter allows any varia- 
tion in speed to be ascertained. As further safeguards, 
on both sides of the track, conductor lines are installed 
for transmitting bell signals to the driver. 

A vertical suction gas motor of 85 horse-power out- 
put, direct coupled to the 70-kilowatt rotary current 
generator, serves to operate the latter. As the consump- 
tion of energy at certain times rises to 100 horse-power, 
a buffer battery of accumulators has been provided. 


THE INVENTOR OF THE AEROPLANE. 
Tue priority in the invention of the aeroplane has 
hitherto been conceded to a Frenchman, Alphonse 
Fenaud, whose celebrated “Planophore” soared through 
the air as early as the year 1871. A drawing of the 
little apparatus, which is reprinted in most works on 
the history of aviation, shows all the essential charac- 
teristics of the aeroplane. It has been discovered, 
however, that this drawing does not correctly repre- 
sent the “Planophore,” and it is obvious, furthermore, 
that a development of the invention on a large scale 
is quite impossible. Hence Penaud cannot properly be 
regarded as the first inventor of an aeroplane. 

The earliest authenticated model of an aeroplane was 
the “Aeroveloce,” which was constructed in 1877 and 
patented in 1879 by Wilhelm Kress. It was provided 
with a horizontal rudder and a buffer. It was able to 
rise spontaneously in the air after gliding along the 
ground or a long table, and to accomplish a dirigible 
and perfectly steady flight through the length of a 
large hall. The first public exhibition of the “Aerove- 
loce” was made in 1880, in connection with an address 
which Kress delivered before an Austrian society of 
engineers and architects. Kress afterward constructed 
larger models with several bearing surfaces and hori- 
zontal and vertical rudders. These models were pro- 
pelled by twin screws, revolving in opposite directions, 
and accomplished astonishing feats of stable flight. 
It is evident, therefore, that Kress was the inventor 
of the aeroplane. 

The great service rendered to aviation by the Wright 
brothers is not at all belittled by pointing out the 
striking similarity of their apparatus to Kress’s mod- 
els, and by recalling that these models were seen and 
very highly praised by Chanute, who was the teacher 
of the Wright brothers in aviation, 
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In any discussion of priority in the invention of the 
aeroplane, the claim of Otto Lilienthal must be consid- 
sred. Lilienthal’s great services to the progress of 
aviation are incontestable. These services include the 
demonstration that curved surfaces possess greater lift- 
ing power than planes, and the invention of very skill- 
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fully contrived gliding surfaces. But, although Lilien- 
thal is often called the father of aviation, it should be 
remembered that he was an outspoken opponent of 
the aerial propeller and the kite-like aeroplane. His 
object was the accomplishment of soaring flight with- 
out the aid of motors. He was led to this idea by an 


erroneous conception of the action of constant wiads 
upon freely flying bodies. Lilienthal recognized his 
error, but too late! In the last year of his life he 
experimented with a machine with moving wings, but 
obtained little success and returned to his gliding appa- 
ratus, which caused his death—Umschau. 


CURIOUS DECORATIVE DESIGNS. 


POLARIZATION FIGURES OF QUICKLY-COOLED GLASS PLATES. 


Arter the lines of the old styles of art had been re- 
peated over and over for hundreds of years, the im- 
pression produced by them became so monotonous and 
destitute of charm that artists began to seek a radi- 
cally different style which should give to their cre- 
ations a new and unfamiliar beauty, and at the same 
time enrich the arts of design with new treasures of 
form. These endeavors soon resulted in the produc- 
tion of what is known as the new or “young” style. 
This style, like most others, is founded upon a definite 
and characteristic fundamental curve, but I do not 
know that any exact definition of this curve has been 
given. It was generally easy to construct the curves 
of the old style with compass and ruler, to define 
them exactly, and even to develop their mathematical 
formule, as the curves in general were regularly 
formed. The principal object of the new style, how- 
ever, was to free itself from this regularity, which 
had become monotonous. Its creations appear con- 
trary to rule, surprising, and a considerable time was 
necessary for people in general to recover from this 
surprise sufficiently to regard the new tendency with 
tolerance and, finally, to find in it even elements of 
beauty. 

The fundamental curves of the new style evidently 
possess something very characteristic, for as a rule 
the observer recognizes a product of the new style at 
a glance. After the regular curves and their combi- 
nations had been exhausted, irregular curves were em- 
ployed. The general effect is as if the old, regular 
curves had been permeated by a rectilinear, stiff, and 
cften angular element. This arbitrary mixture of ap- 
parently discordant elements is probably the cause of 
the unpleasant effect frequently produced by the new 
style. Yet the straight line itself is usually avoided. 
Curves of large radius alternate with curves of small 
radius, the radius of curvature in both cases under- 
going continual variation. Geometers have not yet 
taken the trouble to develop the mathematical for- 
mule of the typical curves of the new style. This 
analysis, however, is much to be desired, because it 
would give an insight into the genesis and the nature 
of the curves. The combination of the rectilinear ele- 
ment and the curve produces the preraphaelitic effect 
of length and stiffness. 

The origin of the new curves, at least in their sim- 
plest form, may be illustrated by endeavoring to im- 
prison in an elongated rectangular box a circular or 
elliptical ribbon of steel. The band will approximately 
assume the form of the box, but it will never fit it 
exactly or lie in a straight line. The contours of the 
distorted circle are everywhere in-evidence. The 
curvature is very great at the corners of the box, very 
small at the sides, and there is a re-entrant curve at 
the middle of each side. But such a figure remains 
too regular for the new style, which rather imitates 
the effect of compressing the old curves into boxes of 
irregular form, trapezoidal, triangular, etc., and thus 
transforms the monotonous old figures into entirely 
new and astonishing forms. The fundamental curves 
of the old style were taken from nature. They in- 
clude the circle, the ellipse, the oval, the heart shape, 
round and pointed arches, etc. The curves of the new 
style, on the contrary, appear to have sprung from the 
mind of man, for they have hitherto been sought in 
vain in nature, and are apparently contrary to nature. 

But only apparently. If nature is forced into situ- 
ations similar to that of the steel circle in the tri- 
angular frame, nature assumes very similar forms, 
and thus proves that the apparently irregular lines 
of the new style are also formed according to law. 
Though the comparison of the new curve to regular 
curves compressed into boxes appears very crude, it 
is justified by the very similar method by which these 
forms are produced in nature. In free nature, indeed, 
such restrictions upon freedom of form do not occur, 
but we find them in the conditions brought about by 
the development of the industrial arts. 

When hot glass plates of various shapes are cooled 
very rapidly, tensions are produced in the glass, 
which are not visible to the naked eye, but which mani- 
fest themselves in the polariscope by beautiful col- 
ored figures, and also unfit the glass for finer optical 
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uses. A collection of pictures of such quickly-cooled 
glass plates and their polarization figures resembles a 
series of illustrations of ornaments, some completely 
regular and in the old styles, some displaying all the 
strange irregularity of the new style. In a circular 
piate (Fig. 3) a circle appears near the edge, surround- 


ent. The shape of the surface to be ornamented essen- 
tially determines the arrangement of the ornamenta- 
tion. In a similar manner, regular four-pointed and 


eight-pointed stars (Figs. 15, 19, 22, 23, 24) are filled 
with perfectly symmetrical and often very delicate 
tracery in the old style of ornamentation. 


POLARIZATION FIGURES OF QUICKLY COOLED GLASS PLATES. 


ing a Greek cross, the arms of which blend softly to- 
gether at their intersection. In a square plate (Fig. 
1) the above-described figure appears compressed into 
a square form. The original circle is bent deeply into 
the corners of the square without exactly filling it, 
and the line continues nearly but not quite straight 
along the sides. In the center is the cross with its 
arms parallel to the sides of the square. The cross 
is now surrounded by an inner and somewhat hazy 
line, between which and the outer line are four large 
round spots. 

These two plates, circular and square, fairly repre- 
sent the old-school ornamentation, in which conven- 
tional elements were reproduced within a regularly- 
shaped area. Ever here, however, the influence of 
the form of the plate upon its ornamentation is appar- 


But as soon as the complete symmetry of shape of 
the glass plate is disturbed, for example by making 
one diameter a little longer than another, the funda- 
menial curves obtained in the circular and square 
plates are forced to adapt themselves to fit, for ex- 
ample, an elongated rectangular plate (Fig. 5) which 
they occupy as completely as possible, and in all their 
distortions appear to obey the esthetic law of employ- 
ing chiefly shaded lines in symmetrical arrangement. 
In a long rectangle, the cross is drawn out in one 
direction and converted into two flat crescents turned 
in opposite directions. The surrounding circle adheres 
almost in straight lines to the long sides, while along 
the short sides it falls into deep foids, as if for the 
purpose of taking up its superfluous length, and as if 
it were necessary for each side of the rectangle to 
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accommodate exactly one-fourth of the original circle, 
In pursuance of the same principle, the line is thin 
and sharp along the long sides, and thick and shaded 
along the short sides. 

The variety of form is still greater and more sur- 
prising when some or all of the sides of the rectangle 
are curved or otherwise modified (Figs. 17 and 26). 
In order to obtain the regular figures of the old style, 
the periphery of the plate must not only be perfectly 
regular, but the number of sides must be four or some 
multiple of four. If the number is three, or some 
other number not divisible by four, the lines pass 
over into the arrangement characteristic of the new 
style. This is particularly striking in the case of the 
simple unilateral triangle (Fig. 2). As this figure is 
entirely symmetrical, .it might’ be expected that the 
lines would also be symmetrical with respect to the 
three sides, but this is not the case. One side is 
sclected as a base, and the ornamentation is arranged 
upon this base symmetrically about a line drawn from 
iis middle point to the apex of the opposite angle. 
Here again, therefore, appears a tendency to use the 
rectangular cross as the nucleus of the design. This 
combination of an element of even number, the rect- 
angular crose, with a figure of an uneven number of 
sides, produces extremely peculiar and astonishing de- 
signs (Figs. 10 and 11). 

In this combination of even and uneven elements 
resides, perhaps, the essential peculiarity and the 
characteristic charm of the new style. By this means 
new linear harmonies in almost inexhaustible variety 
are produced. In the old styles, even is usually com- 
bined with even, and odd with odd, and this produces 
a monotonous effect. In the hexagon (Figs. 6 and 13) 


2lso one diameter is selected, running from the middle 
of one side to the middle of the opposite side. The 
Greek cross is placed in the middle of this line, and 
surrounded by waving lines which have six undula- 
tions. 

In the triangle, also, the figures become more pecu- 
liar and more beautiful when the sides are curved, the 
corners rounded off, and the angles made unequal 
(Figs. 12, 14, 18, 25, 27) or when the triangle is gradu- 
ally transformed into the form of an acorn (Fig. 9), 
a spindle (Fig. 7), a heart (Fig. 21), etc. The prob- 
lem always remains the same, to introduce the Greek 
cross surrounded by the circle into a frame of given 
shape in the most complete, practical, logical, and grace- 
fu! manner, and to ornament the empty spaces with 
harmonious designs. The object of the new-style deco- 
rator is thus entirely changed and at the same time 
simplified. He needs only to supply the frames to 
his pictures, the contours of his figures, while nature 
supplies them with rich and harmonious detail. Thus 
the frame determines the picture and, in some cases, 
plays a very important role. But even in regard to 
the form of the frame the artist need not be at a loss. 
Nature, in her organic and inorganic structures, fur- 
rnishes an almost inexhaustible wealth of form that 
the boldest fancy could not inyent. The forms of 
leaves, alone, afford a variety that artists will be long 
ia exhausting. 

The quickly-cooled glass plates viewed in the polari- 
scope give the decorator a very simple and complete 
means of solving problems of design in the new style. 
If, for example, he desires to know how to arrange 
the panes of a window of peculiar shape, he need only 
examine with a polariscope a quickly-cooled glass plate 
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of this shape. These plates of various forms are made 
for this purpose and sold at a lew price by Johann 
Umann of Tiefenbach, Bohemia, who also furnishes 
for a dollar or two a polariscope with which they can 
be examined. 

This extremely simple apparatus gives the artist 
one of the best possible solutions of his problem, and 
a second solution is obtained by inserting the plate 
into instead of below the polariscope. The apparatus 
is equally valuable and convenient for the use of jew: 
elers, architects, etc. The number of designs can be 
greatly increased by rotating the plate or by super- 
posing two similar or different plates arranged at vari- 
cus angles to each other. 

As the new style is thus seen to appear in nature 
under strict laws, it can no longer be regarded as arbi- 
trary and artificial, but it acquires as legitimate a 
raison d’étre as that of the older styles, of which it 
may be considered to be a development. 

The old styles, also, frequently combined straight 
lines with curves, and figures based on even numbers 
with figures based on odd numbers, but the two ele- 
ments do not attain an organic union. They remain cold 
and distant toward each other. They combine merely 
in the manner of two pictures in the stereoscope. One 
is grafted upon the other, but the tree produces no 
new and uniform variety of fruit. The stock still 
bears its sour wild crab, while the graft produces the 
finer sort. They remain, essentially, two distinct 
trees. In the new styles, straight lines and curves, 
odd and even elements, are combined more intimately, 
as varieties are combined by hybridizing. The result 
is the production of a new variety, which combines 
the peculiarities of its parents.—Prometheus, 


CATA YF I S. 


THE STRANGE PROPERTIES OF CERTAIN SUBSTANCES. 


Ir eight parts by weight of oxygen are mixed with . 


one part of hydrogen, the result is a mixture which 
explodes violently when any part of it is raised to a 
temperature é6f about 1,040 deg. F., either by an elec- 
tric spark or by a flame. But if this mixture is left 
undisturbed at the ordinary temperature, it does not 
appear to undergo any chemical change. If, in accord- 
ance with Ostwald’s theory, the two gases combine at 
ordinary temperatures, they can only do so very slow- 
ly, because no change is apparent even after a long 
time. If, however, a sheet of pure platinum is im- 
mersed in the gaseous mixture (which may be con- 
tained in a test tube inverted over a basin of water) 
the volume of the gas is seen to diminish rapidly. In 
these conditions the hydrogen and oxygen combine to 
form water, even at the ordinary temperature. 

The heat produced by this combination, however, 
raises the platinum to a temperature so high that it 
becomes incandescent and the gases combine explo- 
sively. 

Platinum, then, possesses the curious property of 
causing hydrogen and oxygen to combine at the ordi- 
nary temperature of the air. If we admit, with Ost- 
wald, that the gases combine at the ordinary tempera- 
ture without the aid of platinum, but with extreme 
slowness, we may say that platinum possesses the 
power of accelerating the combination of hydrogen and 
oxygen. Platinum is also able to accelerate other 
chemical reactions: for example, the formation of 
hydriodic acid by the combination of hydrogen with 
iodine. This property is expressed by saying that 
platinum in these reactions acts as a catalyzer. Re- 
actions which are effected under the influence of a 
eatalyzer are called catalytic reactions, or examples of 
catalysis 

In the examples cited above, the platinum is found 
at the end of the reaction entirely unchanged and able 
to act in the same manner upon fresh portions of the 
gaseous mixture, so that a very small quantity of 
platinum suffices to provoke the explosion of enormous 
volumes of gases. This law applies to all catalyzers. 
It is a general character of catalysis that the cata- 
lyzer is able to transform unlimited quantities of 
matter 

In catalysis, platinum appears to exert a superficial 
action, for if, in the experiments described above, the 
sheet of platinum is replaced by spongy platinum, 
which has a very large surface in proportion to its 
mass, the velocity of the reaction is greatly increased 
Although the platinum is found entirely unchanged at 
the end of the reaction, it must take part in some 
stage of the reaction. The truth of this assertion can- 
not be proved by experiment in the case of platinum, 
hut It has been so proved with some other catalyzers 

‘These catalytic actions of platinum have already 


BY PROF. L. JALOUSTRE. 


found very important industrial applications. They 
have completely supplanted the lead chamber process 
of producing concentrated sulphuric acid and restricted 
it to the manufacture of the dilute acid used in the 
manufacture of agricultural superphosphates. To-day 
sulphuric anhydride is made commercially by the di- 
rect combination of oxygen and sulphur dioxide, under 
the catalytic influence of platinized asbestos. The cata- 
lyzer in this case is the thin plating of platinum which 
covers the asbestos. Tomorrow, perhaps, the manu- 
facture of illuminating gas will be completely trans- 
fermed by the application of the interesting phenomena 
of catalysis by finely divided metals, especially nickel, 
which were discovered by Sabatier and Senderens. The 
illuminating power of water gas can thus be vastly 
increased by passing the gas over pulverized nickel at 
a temperature of about 570 deg. F. The hydrogen, 
carbon dioxide, and carbon monoxide of the water gas 
react upon each other, producing methane or marsh 
gas. This reaction does not occur ‘in ordinary condi- 
tions, but is brought about by the catalytic influence 
of nickel in the conditions indicated above. 

It must not be thought that platinum and nickel 
alone possess these remarkable properties. Many 
other substances act as catalyzers in certain reac- 
tions. Water, for example, is often a catalytic agent. 
Without the presence of water, to cite a single example, 
hydrochloric acid, although a very energetic acid, 
would be absolutely unable to combine with the strong 
base ammonia. 

Hitherto we have mentioned only complete reac- 
tions; that is to say, reactions which continue until 
the reacting substances are entirely consumed. Let 
us now examine the case of limited reactions, which 
cease when a certain proportion of the reagents has 
been consumed. The combination of hydrogen and 
fodine vapor to form hydriodic acid is an example. 
The reaction stops at a point Getermined by the tem- 
perature. At 662 deg. F., for example, a mixture of 
1 part by weight of hydrogen and 127 parts of iodine 
vapor combires until 0.814 of each of the reacting 
gases has been consumed. If a little spongy platinum 
is introduced into the mixture it is found that the 
velocity of the reaction is increased; that is to say, a 
larger quantity of hydriodic acid is produced in a given 
time, but the total quantity produced remains the 
same if the temperature is unchanged. 

When this limit has been reached, the hydrogen, 
lodine, and hydriodice acid are said to be in a state 
of chemical equilibrium. It is agreed to regard this 
equilibrium as statistical; that is to say, it is believed 
that at every instant, even after the limit has been 
reached, two opposite reactions are taking place simul- 
taneously—-the combination of hydrogen and iodine to 


form hydriodic acid and the decomposition of this acid 


into iodine and hydrogen. In the condition of chemi- 
cal equilibrium these two reactions are accomplished 
at the same rate; the quantity of hydriodic acid 
formed in each minute by the first reaction being 
equal to the quantity decomposed in the second reac- 
tion. Hydriodic acid when heated to 662 deg. F. 
undergoes partial decomposition, producing a mixture 
of the same constitution and state of equilibrium as 
the system described above. 

We have seen that the catalyzer does not change the 
limit of a reaction. This shows that the catalyzer 
produces equal effects upon the velocities of the two 
opposite reactions considered above. If spongy plati- 
num in certain conditions doubles or triples the veloc- 
ity of the combination of hydrogen and iodine it must 
also, other things being equal, double or triple the 
velocity of decomposition of hydriodic acid. Converse- 
ly, every catalyzer which accelerates the decomposition 
of hydriodic acid accelerates to the same degree the 
synthesis of hydriodic acid from its elements. 

These considerations are of great importance in bi- 
clogy, where catalytic phenomena abound. Here the 
catalyzers have received the name of diastases. When 
diastases intervene in limited reactions they are able 
to produce either synthesis or decomposition accord- 
ing to the relative concentrations of the various in- 
gredients of the mixture. Hence, modern biochemistry 
is devoting all its attention to the study of catalysis 
and the explanation of the mechanism of the inter- 
vention of catalyzers in vital processes.—Translated 
for the Screntiric AMERICAN SuprpLemMent from La 
Nature. 


It may be affirmed, states a consular report, that 
the State of Sio Paulo has been the cradle of the 
utilization of hydraulic power in Brazil for generating 
electricity. That at present, however, turned to ae- 
count i@ but insignificant in comparison with the im- 
mense lindeveloped resources which the State possesses 
in the numerous large waterfalls, mostly State prop- 
erty, and to a large extent still unexplored. The prin- 
cipal hydro-electric installations constructed in the 
State are that of the Sio Paulo Tramway, Light, and 
Power at Parnahyba, with a capacity of 8,000 horse- 
power, and those of various other companies, viz.: 
Jundiahy, generating 1,000 kilowatts; Sorocaba, 1,000 
kilowatts; Rio Claro, 580 kilowatts; Mococa, 500 kilo- 
watts; Piracicaba, 450 kilowatts. The important hydro- 
electric station in course of construction by the Santos 
Dock Company at the Itatinga Falls, near to Santos, 
which should be completed in a year's time, will trans- 
form and transmit electric energy of 3,000 kilowatts, 
which will be used in the working of the cranes on 
the quay at Santos and the supply of light and power 
to that city. 
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HOUSES THAT CANNOT BE SHAKEN DOWN.’ 


BUILDING METHODS IN EARTHQUAKE REGIONS. 


EFFECTS OF EARTHQUAKES UPON MASONRY. 

Masonry combines all the conditions for easy and 
rapid destruction by earthquake, and for the injury 
of persons by widely-scattered parts of upper stories, 
chimneys, and roofs. To resist earthquake shocks per- 
fectly, a building should be a rigidly-connected, homo- 
geneous block. A masonry building is the very oppo- 
site of this. A stone building is simply a pile of large 
and heavy elements, which are kept in place by their 
weight, so long as no force except vertical pressure 
acts, even without the aid of the thin interposed layer 
of mortar. All other masonry buildings are composed 
of small elements imbedded in mortar, and their 
strength depends upon the strength of the mortar. An 
earthquake shock is manifested by a sudden upward 
thrust, followed by a horizontal oscillation. The sud- 
den uplift of a pile of heavy elements gives them an 
acceleration which loosens them. At the end of the 
uplift the upper elements in virtue of their inertia 
continue their movement, while the lower parts, more 
or less attached to the ground, are brought back with 
it to their original position. If the elements are small 
and the mortar weak the whole mass is disintegrated. 
The smallest lateral displacement will then separate 
the parts, and the building will fall. When a long 
wall intersects the front of the earthquake wave its 
various parts are subjected to different phases of the 
oscillation at the same moment. This lack of synchro- 
nism tends to produce vertical cracks and the fall of 
large sections. Hence, also, parts of the same wall 
sometimes fall in opposite directions. These results 
are less likely to occur if the wall is situated exactly 
in the principal plane of displacement and, in fact, 
very different effects are produced on the different 
walls of the same building. But it is very difficult to 
determine the principal plane, because of perturbing 
factors and, especially, the lack of homogeneity of the 
upper layers of earth and the buildings themselves. 
These perturbations and the lack of synchronism pro- 
duce the effects of rotation observed in pyramids and 
columns formed of regular layers of stone blocks which 
slide easily. This discordance is least in round towers 
and factory chimneys, free to obey their proper vibra- 
tions, because they are isolated and independent of 
neighboring buildings. A chimney and a building con- 
nected with it are in discord which facilitates their 
dislocation. Chimneys projecting above roofs do not 
follow the vibrations of the walls below, and are ex- 
ceedingly likely to fall. In the earthquake at Charles- 
ton in 1886, 95 per cent of the chimneys fell, strewing 
terror and death among the crowd of fugitives. The 
Japanese and more recently the Italians “have pre- 
scribed the building of independent house chimneys, 
as well as factory chimneys. This rule is difficult to 
follow if the chimney is to be of brick, but the part 
above the roof may be of metal. 

Vaults and arches are very unfavorable to the re- 
sistance of buildings to earthquakes. In Liguria in 
1887 many arches were destroyed which had been 
thrown across narrow streets after a former earth- 
quake for the purpose of giving support to the abut- 
ting buildings. Arches are built to sustain static 
loads applied vertically on their extrados, but after a 
sudden upward thrust has separated the voussoirs, it 
is often observed that the keystone has been raised, 
while the flanks have fallen inward. A separation of 
the pediments, furthermore, involves certain fall. 

FOUNDATIONS. 

It is a mooted question whether it is better to an- 
chor the building solidly to the ground by deep foun- 

ations, or to place it upon the ground like an inde- 
pendent load free to move in every direction without 
having its proper vibrations hampered by the discord- 
ant vibrations of the ground. In the independent 
method, the lower parts not being suddenly brought 
back when the ground returns to its former position, 
it might be expected that the building would be less 
easily dislocated, as inertia acts equally on all its 
elements. But all the advantages of this system can 
be secured only if the whole building is light and 
homogeneous. In any case, a masonry building should 
rest upon an indeformable base, such as a grating of 
iron bars or a bed of armored concrete. To make the 
independence more complete, it has been proposed to 
support buildings upon steel balls or round stones, 
but this device is of uncertain efficacy. The endeavor 
is usually to connect the building and ground by solid 
and deep foundations. It has been inferred, from the 
comparative immunity of mine galleries and other 
Condeased from Memoires et Travaux de la Societé des Ingentours 
Civils de France, 
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subterranean voids, that the vibrations travel more 
regularly underground than on the surface, and that 
advantage can be taken of this regularity in laying 
foundations; but to secure this result the foundation 
walls must be separated from the surface soil by very 
soft filling. In alluvial districts buildings resting upon 
deeply driven piles have behaved well, but this method 
is advisable only as a last resort. It would be prefer- 
able to employ shafts filled with concrete, close to- 
gether and connected at the top by elastic girders of 
steel or armored concrete. 

At Messina the walls of many buildings separated at 
the top, leaving the ground floor intact, but this forms 
no argument in favor of deep foundations unless it 
can be shown that even the ground floor of a free 
building would have been destroyed. 

VERTICAL WALLS. 

The houses of a block should be fastened together 
for mutual support, and isolated buildings should be 
constructed on a simple and regular plan. Extensions 
should be avoided on account of their discordance 
with the main building. These precautions are useless 
unless the masonry itself is strong. In spite of their 
solid appearance, stone blocks form ene of the worst 
systems for earthquake countries, although their tend- 
ency to slide could be diminished by using notched 
blocks. Small elements are preferable if well inter- 


JAPANESE ROOF. 


THE JAPANESE METHOD. 


locked and connected by strong mortar. Ancient Ro- 
man buildings represent the type of this class, and 
have resisted wonderfully, while modern buildings in 
the same region have fallen. Bricks form the most 
homogeneous and isochronous masonry. The cracks 
formed are seldom vertical, but are usually inclined 
zigzag lines following the joints, and do not neces- 
sarily cause falling. Long horizontal fissures, how- 
ever, may cause the fall of large sections. For this 
reason notched bricks are employed in Japan. In the 
same country a parabolic profile, similar to that of 
reservoirs and lighthouses, is sometimes employed. 
The materials of the wall should be as light as possi- 
ble, especially at the top. All observers denounce 
heavy parapets, projecting cornices, balustrades, and 
affixed ornaments, which are easily detached and fall 
on the heads of fugitives. Balconies are especially 
dangerous, and should be prohibited entirely. 
FLOORS AND ROOFS. - 
The solidarity of the buildings should extend to the 
floors and roof. But as this result is difficult to ob- 
tain, seme builders have suggested a system of inde- 
pendent floors and roofs. For floors in particular 
there is no perfect system of connection with the walls. 
The fastenings sometimes employed only produce fis- 
sures in the wall between them and tear out when 
the walls separate, allowing the floors to fall. ‘The 
principal floor beams should be long enough to rest 
on the walls at their greatest separation. The roof, 
in addition to the danger of falling between the walls, 
may carry the walls down with it. Independence of 
the roof has been sought by supporting it upon balls 
or rollers, but it may be feared that in an earthquake 
a roof would abuse its independence by slipping off 
altogether. At all events, the base of the roof should 
be so extended as to rest on the walls at their greatest 
separation, and the roof should project considerably 
so as to cap and hold together the structure. At Che- 
makha, in 1902, a roof of this kind prevented the de- 


struction of the building. The material is also im- 
portant. Tiles should be prohibited, on account of 
their fragility and liability to fall. Slates, on the con- 
trary, if properly laid and fastened, form a strong 
roof. Zine and corrugated iron in large sheets are 
the best materials. Metal roofs have the further ad- 
vantage of being light and elastic. For flat roofs 
armored concrete is best. 
WOOD-FRAME BUILDINGS. 

Japan offers the best field for studying the effect of 
earthquakes on wooden buildings, but the compara- 
tive immunity of Japanese buildings is due largely 
to their small height and dimensions and light ma- 
terials. Only their tile roofs are heavy, and the con- 
cave form of these adds to their strength. The house, 
of one or two stories, is placed on stone blocks; the 
framing, even of the roof, consists of vertical and hori- 
zontal elements without inclined braces; the walls of 
hurdles covered with mortar or paper panels. This 
construction produces an independent, deformable, 
and elastic building, which moves and inclines with- 
out danger so long as the tenons hold. Its very weak- 
ness constitutes its strength, but this system of con- 
struction cannot be generally recommended. Perma- 
nence of form is the first requisite, and this has been 
recognized by the Japanese earthquake commission. 
After the earthquake of Lisbon in 1755, stringent regu- 
lations were enforced, and the well-braced buildings 
thereafter constructed have shown strong resistance 
to subsequent earthquakes. 

STEEL-FRAME BUILDINGS. 

The steel-frame building presents all the advantages 
of the wood-frame building together with less risk of 
fire, although in a conflagration’ its elements, if not 
LErotected, may become deformed and carry down the 
building. Steel-frame construction permits the attain- 
ment of great dimensions and almost unlimited height. 
The steel skyscrapers of San Francisco withstood the 
earthquake nobly. But these high towers must be 
firmly anchored to the ground. Although the general 
frame resists well, this is not the case with isolated 
supports, such as posts, which become sheared or 
twisted. Examples of this were observed in San 
Francisco. In particular, steel posts supporting heavy 
floors were bent by the inertia of the latter in hori- 
zontal oscillations. The greatest danger connected 
with large steel buildings resides in the construction 
of the walls, which are commonly formed of panels of 
brick, which become detached and fall. The British in 
India have adopted the artifice of inclosing a wall be- 
tween two steel gratings, which may be imbedded in 
cement, but this is an approximation toward armored 
concrete construction, which might better be frankly 
adopted. 

ARMORED CONCRETE BUILDINGS. 

All the desired qualities are found to the greatest 
extent in armored concrete; even the risk of fire is 
reduced to a minimum. It was for the sake of pro- 
tection against fire that American builders were led 
to envelop steel posts and girders in concrete, after 
coverings of terra cotta had proven unsatisfactory. 
Armored concrete, furthermore, permits the construc- 
tion of an indeformable block, all whose parts, walls, 
floors, and even partitions. although elastic, are firmly 
connected and mutually supporting. Buildings of mod- 
erate height may be simply placed on a bed of armored 
concrete on the ground, but high buildings should be 
firmly anchored. When the upper soil is soft, a use- 
ful resource will be found in solid concrete piles cast 
in shafts made with a pile driver, which compresses 
the surrounding soil. The best argument in favor of 
armored concrete is the behavior of buildings of this 
material, which remained erect and intact while other 
buildings were destroyed in the catastrophes of San 
Francisco and Messina. 


A series of airbrake tests on loaded freight trains 
are to be made shortly on the Gowanda hill of the 
Erie Railroad. The tests are made jointly by the Erie 
and the New York Air Brake Company. The Gowanda 
hill was selected because it is one of the best adapted 
grades for tests of this nature. Its grade is 134 feet 
to the mile. The train will be loaded with soft coal 
from the mines. A series of running tests were begun 
on the Erie between Buffalo and Attica on August 8th 
last, and proved successful. The purpose is to demon- 
strate the difference between the new style K-4 triple 
valves and the standard style H triple. and between 
the L-T engine equipment and the standard engine 
equipment. These running tests have been completed. 
Railway and Engineering Review. 
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A LAMP WITHOUT A REGULATOR. 


Tue makers of arc lamps have several times de- 
vised more or less ingenious lamps in which the clock- 
work or motor, by which the carbons are moved as 
they are consumed, is suppressed. We may recall the 
Jablochkoff candles with parallel carbons and the 
Drummond lamp with converging carbons. The suc- 
cess of the Bremer lamp and the flaming arc lamp, 
which generally use converging carbons, has recalled 
attention to these old arrangements, and especially to 
the Drummond lamp, which has recently been im- 
proved in a very interesting manner. Instead of mov- 
ing upward against a block of refractory material as 
in the Soleil lamp, the carbons in the improved Drum- 
mond or Beck lamp move downward, and the block 
is reduced to a small button, which is placed at one 
side, in order to avoid casting a disagreeable shadow. 

The Beck lamp is a flaming are lamp of great can- 
dle-power, without any clockwork or regulating mech- 
anism. It has no shunt coil, is smaller and lighter 
than ordinary arc lamps, and may be operated either 
with a direct current or with an alternating current 
of any frequency, even as low as 25 cycles, The car- 
bons fall by their own weight as they are consumed, 
The 1909 model is illustrated by Fig. 1. Two in- 
clined posts, a, a, connect the cast-iron top of the lamp 
and the cast-iron frame below. This frame supports a 
reflector, beneath which the arc is formed. The posts 
serve also as guides for the two carbon holders, which 
are connected together by the bar p and the roller e, 
so that they are compelled to rise or fall together. 
The positive carbon is of cylindrical form, while the 
negative carbon b (at the left) has on one side a 
projecting rib. The end of this rib presses upon the 
metal button c, which thus limits the descent of this 
carbon, and consequently of the positive carbon also. 
The positive carbon holder swings from a pivot f, and 
the lower end of the positive carbon passes through 
a hole in the slide g. Under this slide is a shutter h, 


Fie. 1.—VERTICAL SECTION OF THE BECK 
FLAMING ARC LAMP. 


which serves to close the hole in the reflector, and thus 
to prevent the combustion gases of the arc from rising 
into the body of the lamp. The slide is moved by the 
electro-magnet i, which also serves to produce the arc. 

When the circuit is open, the weight of the soft 
iron armature of this electro-magnet presses upon the 
lower part of the positive carbon by means of a sys- 
tem of levers, and presses this carbon against the 
other. When the circuit is closed, the electro-magnet 
attracts the armature k, which in rising moves the 
slide g, and thus separates the carbon points and pro- 
duces the arc. In the direct-current lamp, the sole- 
noid, i, is completely inclosed in an iron case and is 
excited by a few turns of cold-drawn copper wire, 
which are suitably insulated. Immediately above the 
solenoid is the pump barrel 1, the function of which 
is to diminish the sudden upward movement of the 
armature k. The carbon piston, m,. of this pump has 
a central hole closed by a clack valve, n. When the 
armature k is attracted upward, the valve closes and 
the piston forms an air brake, which prevents too sud- 
den an upward movement. When the circuit is broken, 
the valve n opens, and the armature falls quickly 
and independently of the carbon piston. Hence, if 
for any reason this piston becomes jammed in the 
cylinder, this accident will not prevent the reunion 
of the carbon points. The pump barrel is so con- 
structed that there is little danger of such an acct- 
dent, since the combustion gases cannot enter it. It 
is also easily examined and removed. The piston is 
removed with it. for there is no mechanical connec- 
tion between the piston and the armature, 


The lower points of the carbons, bd b, are situated 
immediately below a reflector of refractory porcelain, 
beneath which is also placed the metallic button c, 
which regulates the descent of the carbons. This but- 
ton (Fig. 3) is attached to a pointed screw gq, and 
can be easily removed for cleaning. In the lower 


Fie. 2.—BECK LAMP WITHOUT CARBONS. 


cast-iron frame of the lamp is a small electromagnet, 
which serves to blow the arc downward, thus produc- 
ing a flaming are. The arc is also under the influ- 
ence of a magnetic coil, which has the function of 
keeping the plane of the arc exactly vertical. The 
current enters by the positive carbon holder, trav- 
erses the positive carbon, the arc, and the end of the 
negative carbon as far as the button c. From this 
button it passes into the magnetic coil, then into the 
blowing magnet, and finally into the solenoid i, which 
operatés the slide and forms the arc. After the arc 
is formed, the descent of the carbons is regulated auto- 
matically. The projecting rib of the negative carbon 
is outside of the incandescent crater of the are, al- 
though it is heated by conduction to a high tempera- 
ture. This rib is consumed slowly by oxidation, aided 
by the heat produced by the contact resistance pro- 
duced between it and the button. As the rib burns, 
both carbons descend, keeping the are at a constant 
level. With direct current, the ribbed carbon is 
always made the negative one, for it is found that 
when this is done the metallic button, c, becomes cov- 
ered with an electrolytic deposit of graphite, which 
protects it from the corrosive action of the gases of 
combustion so effectively that the button is almost 
imperishable. A further advantage of conducting the 
current through the button is that the ribbed carbon 
is cut out of the circuit, and the resistance and loss 
of energy are therefore diminished. 

When the available length of the carbons has been 
consumed, the following simple arrangement extin- 
guishes the lamp and prevents the arc from running 
upward on the carbons and injuring the upper parts; 
the ribbed carbon, b, is not fastened to its holder in 
the usual manner, but the holder simply forms a loose 
cap about the upper end of the carbon and, by its 
weight, presses the carbon down on the button c. The 
rib extends only through the available length of the 
carbon, and when this portion has been consumed, the 
remnant no longer rests upon the button, but slips past 
it and falis into a receptacle at the bottom of the 
globe. This very simple arrangement facilitates the 
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Fie. 3.—BOTTOM OF LAMP, SHOWING 
REFLECTOR AND STOP BUTTON. 


cleaning of the lamp, and prevents deterioration due 
to burning by the are. The lamp is regulated by 
means of a screw, 8, placed at the lower part of the 
armature of the solenoid. The distance between the 
carbon points is such that the fall of tension in the 
are ranges from 42 to 47 volts. These lamps burn, 
according to their type, from 10 to 18 hours with the 
same carbons. The candle-power of the Beck lamp is 
very high. Prof. Wedding found, as the mean result 
of a great many experiments, 0.163 watt per candle 


for a lamp using a current of 9.1 amperes. Still more 
satisfactory results have been obtained in the Central 
Laboratory of Electricity in Paris. Carbons with 
cores were used in these tests. The positive carbon 
was cylindrical and about 2/5 inch in diameter. The 
negative carbon had a cross section of peculiar form, 
measuring nearly ™% inch in the direction of the rib 
and 1/3 inch in the perpendicular direction. A differ- 
ence of potential of about 65 volts was maintained 
between the terminals of the circuit by means of stor- 
age batteries. The lamp burned in the open air with- 
out a globe. The curve of distribution of luminous 
intensity in the vertical plane containing the axes of 
the two carbons was determined, and is shown in Fig. 
4. The following results were obtained from the ex- 


periments: 


Difference of potential between terminals of circuit, 
64.5 volts. 

Mean difference of potential between lamp terminals, 
45.1 volts. 

Mean strength of current, 11.2 amperes. 

Mean total power employed, 723 watts. 

Mean power consumed in lamp, 506 watts. 

Luminous intensity in directions at various inclina- 
tions to the zenith line: 


Degrees. Candles. Degrees. Candles. 
70 495 130 3,670 
80 1,465 140 3,770 
90 2,040 150 4,000 
100 2,450 160 4,250 
110 2,815 170 4,280 
120 3,280 180 4,565 
Mean lower hemispherical intensity, 3,220 inter- 


national candles. 


Fie. 4—HEMISPHERICAL CANDLE-POWER OF 
BECK LAMP. 


Total luminous flux below the horizon, 20,230 lu- 
mens. 

Watts per candle, lower hemisphere, 0.157. 

Lumens per watt, lower hemisphere, 40. 

The ordinary arc lamp consumes from 0.5 to 0.8 watt 
per candle, and the Bremer lamp, without globe, con- 
sumes 0.133 watt per candle.—Translated for the Scr- 
ENTIFIC AMERICAN SUPPLEMENT from Cosmos. 


Photographic Cold Varnishes.—I. 18 parts sandarac, 
100 parts alcohol, 1 part oil of lavender gives a strong 
coating. II. 100 parts ammonia-alcoho] (absolute), 8 
to 14 parts shellac, or to a solution of shellac in abso- 
lute alcohol some aqueous ammonia may be added. III. 
30 parts Angola copal, 5 parts amber-waste, 300 parts 
ether, 200 parts acetone, 10 parts chloroform. Solu- 
tion is effected by prolonged standing or in a reflex 
cooler. It yields a quickly-hardening, strong, clear 
coating. IV. 8 parts dammar, 10 parts alcohol, after 
being left to act for a time add 900 parts benzole. 
This varnish is also suited for papers. Gives a solid 
but slowly-hardening coating. V. 150 parts collodion 
cotton, 100 parts acetone, 2,000 parts acetate of amyl, 
2,000 parts benzole, gives a very strong and toughly 
adhesive coating that will not flake off. VI. 100 parts 
sandarac, 400 parts benzole, 400 parts acetone, 200 
parts absolute alcohol. Solution is accelerated in the 
water bath, Yields clear, quickly drying, hard layers. 
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INGENUITY IN THE MAKING OF REPAIRS. 


HINTS FOR THE AUTOMOBILIST. 


TuHereE is no trade or profession in which mechanical 
ingenuity is of greater utility or a more valuable asset 
to the fortunate possessor than in automobile repair- 
ing, where one is often called upon to make repairs 
quickly, which must be both practical and enduring. 
When failure of mechanism results through poor de- 
sign or faulty assembling of cars or components at 
the factory, it is the repair man who must bear the 


BY OLIVER LIGHT. 


the writer will describe some repairs which were in 
every respect enduring and satisfactory, and although 
there is no great originality in the methods employed, 
the mode of restoration may interest, and perhaps be 
of some value to those who have to do with automo- 


biles. 
Saving a Flawed Cylinder Head.—The owner of a 
machine of reputable make but old pattern was trou- 


METHOD OF SAVING CYLINDER HEAD TWO VIEWS OF HOLE PUNCHED IN PISTON 


WITH TAPER PINS. 


brunt of the criticism, especially if he be agent for 
that particular make of machine. The owner can be 
pardoned for any lack of proper appreciation of diffi- 
culties which confront: the mechanic, he realizing 
solely that the derangement will in most cases cause 
the loss of the services of the car, as well as involv- 
ing considerable expenditure to make proper restora- 
tion. 

It must not be assumed that the writer means to im- 
ply that manufacturers of motor vehicles as a rule are 
negligent, or that poor workmanship and faulty design 
are often found in machines of standard make. Where 
any mechanism is produced in large quantities there 
will always be some machines that will not be as per- 
fect as others, and with the demand which at present 
obtains for all classes of motor vehicles there is some 
excuse for failure to make careful inspection of the 
product before it is delivered. All motorists are not 
gifted with mechanical knowledge, their ranks being 
recruited largely from the business or professional 
classes, and it seems the irony of fate that the men 
best fitted by training and knowledge properly to 
appreciate and care for an automobile seldom possess 
one. 

Then again, the larger proportion of the product is 
sold in territory more or less remote from the fac- 
tory. Because of this the automobilist not proficient 
in mechanical work is dependent upon the factory 
representative for any attention that the machine may 
require, and in event of serious derangement the cost 


THIS CRACKED VALVE SEAT 
DETECTION FOR A LONG TIM 


of repairs may be much greater than that of hun- 
dreds of miles of operation. 

In event of serious derangement the ingenuity of 
the repairman may effect a substantial saving by re- 
pairs which will obviate the necessity of purchasing 
new parts. It is not that the components are always 
expensive, but there is necessarily more or less delay 
in obtaining spare parts from a distant factory. In 
many instances the parts may be restored to proper 
condition at small cost, not only eliminating delay, 
but also meaning a substantial reduction of expense, 
which is thoroughly appreciated by one of limited ex- 
chequer. As examples of what may be accomplished 


* The Automobile, 


TOP BY BROKEN VALVE. 


bled with a mysterious loss of power and defective 
compression. After all points had been carefully ex- 
amined and valves, cylinder head packing and piston 
rings found to be in good normal condition, the trou- 
ble was accidentally discovered to be due to small 
blow or sand holes in the cylinder head which allowed 
a good portion of the gases to escape, especially when 
the head, of the cooled variety, became heated, the 
rise of temperature causing the metal to expand and 
the defects to become more evident and of more seri- 
ous moment than when cool. The agent for the ma- 
chine immediately advised the purchase of a new 
member, but as this was listed at $20, one can forgive 
the owner of the vehicle for his lack of interest in 
the suggestion. 

The writer having been appealed to for advice sug- 
gested the removal of the defective combustion cham- 
ber for better examination. This was done and the 
blow holes discovered by inverting the head and fill- 
ing with gasoline. One of these extended partly 
through a flange, while the other was between two of 
the cooling ribs. Facilities not being available for 
brazing or autogenous welding, the best method of 
repair which suggested itself was plugging the holes. 
A small eighth-inch drill was used to clean out the 
cpenings and to enlarge them sufficiently to run a 
small taper reamer through from the inside of the 
head. The outer end of the hole was slightly counter- 
sunk with a quarter-inch drill, and a standard taper 
pin of proper length and size was driven tightly into 


MACHINING A NEW SCREWED-IN 
VALVE SEAT. 


the hole. The portion projecting through the top of 
the head was riveted over, firmly securing the pin, 
and insuring an absolutely gas-tight joint. Obviously, 
every explosion tended to drive the pin more firmly 
into its seating, and the repair proved satisfactory in 
every respect. The writer has stopped blow holes by 
tapping out the enlarged hole and screwing in a small 
machine screw, but prefers the taper pins because they 
make a more sound job. The cost of this repair was 
$1.30, this including two hours’ labor and the taper 
pins. This was just about one-fifteenth part of what 
a new head would have cost, not to mention the advan- 
tage of keeping the machine in commission. 

Repairing a Cracked Valve Seat.—On still another 


occasion a little bit of study enabled the writer to re- 
pair the cylinder of a motorcycle which at first sight 
appeared fit for the scrap heap. The trouble was 
manifested by loss of power, and upon test it was 
found that the compression, when the engine had be- 
come heated, was very poor, though appreciable re- 
sistance was offered if the engine was turned over 
while cold. Following a. time-honored custom, the 


DIFFERENT WAYS OF REPAIRING BROKEN 


PISTON WITH PLATE. 


writer started to grind in the valves, and after a good 
seat had been obtained on th2 exhaust valve face, a 
test was made by daubing the seat with Prussian blue 
to determine if the valve was bearing properly. Upon 
removal of the valve, inspection of the seat revealed 
the cause of the defective operation, namely, two good- 
sized cracks in the metal, as shown in this sketch. 
The valve chamber was integral with the cylinder, 
and perusal of the spare parts price list disclosed the 
fact that a new member would cost $15, while the fac- 
tory was 1,000 miles away. 

Upon the owner’s responsibility, the writer under- 
took to make a repair, which was largely experimental, 
though later experience proved it practical. The 
cylinder was placed on the bed of a drill press and 
firmly fastened in position. A special T boring tool, 
similar to the valve seat facing appliance shown (ex- 
cept that the cutter bar was adapted for boring), w 
placed in the chuck, and using the exhaust valve stem 
hole as a guide, the taper portion of the valve seat 
was turned away, leaving a straight hole a little larger 
than the over-all diameter of the valve head. 

Once again the boring tool was brought into service, 
and this time a piece of bar stock upon which a fine 
thread had been turned was used in place of the cut- 
ter bar. This piece was hardened and placed in the 
holder, again using the exhaust valve guide as a steady 
rest for the lower portion of the tool; eight threads 


were cut into the 1-4-inch thickness of metal sepa- 
rating the combustion chamber from 


the exhaust 


SHOWING HOW VALVE SEATED 
AFTER REPAIRING. 


port. An iron bushing was then turned up on the 
lathe to fit the threaded valve opening, and tightly - 
screwed home, the bushing having been left large so 
that by heating the head it was shrunk in place. As 
further insurance against loosening, several small 
pins were driven into the wall of the cylinder seat 
to prevent the bushing from turning. The shoulder 
was of sufficient diameter to cover the edges of the 
cracks, with a small margin to spare. 

By fitting a new cutting bar in the tool holder, the 
exact shape of the center section of the valve head, 
with the cutting edges at the proper angle for valve 
seating, it was not difficult to machine up the valve 
seating on the cast-iron bushing, and replace the valve. 


\ 
PART SECTION Tor view 
=—— == — W 
: Set Screw Vaive 
N44 | ’ 
SS Valve Seat y 
yy yj \ 
WS 
Y 
4 — Stem for steadying 


254 SCIENTIFIC AMERICAN SUPPLEMENT No, 1763. 


The effect of this repair was to raise the valve about 
one-eighth of an inch higher than the old position, 
which was easily compensated for by making a longer 
valve lift plunger, this being simply a three-inch piece 
of 3/8 cold-rolled steel, case-hardened. When the 
bushing was machined up, the corner was rounded 
off as shown, as a sharp edge would doubtless have 
caused preignition of the charge when heated. This 
method of restoration was not costly, eight hours’ labor 
at $4.80 and stock at 20 cents bringing the charge to 
$5. As this time included making the special tool and 
the three cutter bars, it will be evident that the actual 
labor involved in putting in the bushing was very 
light. To make the cutting tool, a piece of seven- 
eighths cold-rolled stock eight inches long was turned 
down for four inches to five-sixteenths diameter, this 
being the bore of the valve stem guide hole. A five- 
sixteenths hole was drilled through the large portion 
of the tool, and squared with a file. The stock of 
which the cutter bars were made was five-sixteenths 
square Novo steel, the tap being machined from a 
riece of tool steel bar the same dimensions, afterward 
hardened. A small \%-inch cupped point set screw 
held the cutter firmly in place in the holder after it 
had been accurately centered. 

When an Overhead Valve Broke Loose.—Another of 
the writer's friends was the owner of a well-known 
make of automobile the engine of which was fitted 
with overhead valves, and either through defective ma- 
terial or poor design it was a common thing for the 
valves to break, separating near the head, which fell 
direetly in the cylinder. This meant one of two things 
in most cases: Either the top of the piston was 
punched through or daylight was admitted to the in- 
terior by the removal of a portion of the cylinder head, 
either of which entailed somewhat costly replacement. 
After several months of very satisfactory operation, 


one of the exhaust valve heads became severed from 
its stem, and, in common with those which had gone 
before, sought access to the outer air. Instead of 
making an opening through the cylinder head, as was 
customary, it broke through the top of the piston, 
leaving a jagged hole. 

New pistons could be procured from the manufac- 
turer, who must have done a thriving busineSs in that 
line at the rate of $10 each. The writer was again 
consulted, and upon examination the piston was 
chucked in the lathe, the hole bored out perfectly 
round, and a fine thread cut therein. A steel plug 
with a large mushroom head was machined to fit and 
inserted. The cost’ of the repair, including the labor 
of removing and refitting the piston in the cylinder, 
was $2.60. 

A similar break on another machine was repaired 
differently. A thin plate of steel one-eighth inch in 
thickness was cut out and riveted to the top of the 
piston, which had been surfaced off to receive it. The 


rivets, of which six were used, spaced equidistant from. 


each other, were put in from the inside of the piston, 
and the ends upset in a suitable countersink in the 
steel plate, so that the top of the piston could be filed 


free of all roughness. The edges of the steel plate or - 
disk were chamfered as shown, being cut with ample 


clearance to avoid scratching or cutting the cylinder 
walls. Very small machine screws could be used, 
these to be put in from the top, if desired. 

Although this method of piston restoration has the 
effect of slightly increasing the compression, and per- 
haps increasing the piston weight, it is doubtful if the 
slight increase in length or mass will have any appre- 
ciable effect upon the practical running balance of 
the motor if of the multiple cylinder form. In the 
cases which have come under the writer’s observation, 
the addition of the plate or plug made absolutely no 
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difference in engine balance. In fact, the weight of 
the plate would perhaps be no more than that of the 
piece of metal knocked from the piston. The advan- 
tage of the plate on top of the piston is that it can 
be applied without machining or boring out the hole, 
and if the top of the piston is true there is no occa- 
sion for surfacing it. No one will question the 
strength of such repairs, as steel has several times the 
strength of cast iron, and for that reason a thin- 
walled piece will have the same strength as several 
times the thickness of cast iron. 

It is often advisable to make repairs of this nature 
in preference to buying new parts, not only because of 
the substantial saving, but because the components 
which have been used together will have “run in” and 
be a proper fit. Putting a new piston in an old cylin- 
der (unless it has been accurately machined to fit) 
gives no advantage, as the rings must find a bearing 
even if well machined. Then again, if a new cylinder 
is fitted, as would be thought necessary in event of 
a cracked valve seating, a new piston and set of rings 
would be required as well to insure a proper relation 
of components. Of course there are parts which can 
be obtained from the factory cheaper than the cost 
of repairing, and before doing any patchwork, as de- 
scribed, the intelligent mechanic will always compare 
the expense of new parts, freight, express charges, and 
delay, with. his estimate on the job of restoration, and 
follow the course which will save his patron money. 
A repairer who observes this policy will be in busi- 
ness when his less liberal competitors are long out 
of the business and forgotten. The sketches presented 
herewith are not actual forms, being merely to show 
principle, as obviously it would not be fair to present 
illustrations which would be detrimental to the inter- 
ests of the manufacturers whose product has been dis- 
cussed so frankly. 


THE ESHIMO. 


HIS ETHNOLOGICAL CHARACTERISTICS. 


SEVERAL readers, prompted, we suppose, by the Cook- 
Peary stories in the papers, have asked us questions 
about the Eskimo during the past fortnight. We an- 
swer all worth answering by quoting a few paragraphs 
from the valuable paper on “Palewolithic Races and 
Their Modern Representatives,” by Prof. W. J. Sollas, 
D.Sc., F.R.S., in fhe last number of Science Progress. 

“The Eskimo* occupy the Arctic coast from Green- 
land to Alaska, and even beyond, extending into the 
Aleutian Islands and the extreme northeast of Asia, 
as far as Kolyuchin Bay.+ They number, all told, ac- 
cording to Kurl Hassert’s estimate made in 1891, about 
40,000 individuals. The Chukchi and Kamchadals, 
characterized by similar habits and mode of life, but 
belonging to a different race, are found in Kamtchatka 
and the northeast extremity of Siberia. 

“Wherever they occur the Eskimo are distinguished 
by a remarkable uniformity in bodily characters, hab- 
its, implements, language, and mode of life. Yet they 
have no national unity, and completely realize the an- 
archic ideal of government; they are without chiefs, 
and even the ‘angokok’ or medicine-man possesses far 
less authority or influence than his nearest homologue, 
the Asiatic shaman. The only differentiation of labor 
is that between men’s work and women’s work. 

“Some fifty dialects have been distinguished in their 
language, but the most unlike of these, i. e., the dialect 
spoken on the east cost of Greenland and that on the 
Asiatic side of Behring Strait, do not differ more than 
say, English and German. Thalbitzer,t the latest 
writer on the subject, remarks that the Eskimo lan- 
guage, so far as it is known, stands apart from all 
others. No one has yet succeeded in discovering any 
language, either in Asia or among the American In- 
dians, which might possibly have been originally re- 
lated to it 

“Their physical characters bear the same testimony, 
and stamp them as a race apart; their resemblance to 
the Mongolians, though marked in many respects, is 
no greater than might be expected to exist between 
two races which are both included within the Lefot- 
richi 

“The Eskimo are of short stature, the mean height 
of the Greenlanders being 1,621 millimeters. Their 
hair is absolutely black. coarse and straight, like a 
horse's mane. Their skin is reddish brown in color: 
smooth and full to the touch, like a negro’s. Their 


* As in the case of many a Seottish clan. the Kakimo owe 
their name to their enemies. the adjacent Indians: it means 
“eaters of raw flesh.” though as a matter of fact the Eakimo 
generality cook their food. unless prevented by necessity 
Their own name for themarives ia Innolt——1 men 

Tell. Journ. R. Geogr. Boe. vol. p. 1881. 

W. Thalhitzer. “A Phonetic Study of the Pakimo Lan- 
guage” om Gromiand, Wefte 41, Copenhagen. 
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eyes are dark brown; the orbit is wide and high. The 
face is long and orthognathous; the nose both long 
and narrow; it is indeed the most leptorhine as yet 
observed. The head is long, high, and wall-sided, with 
a pent-roof-like summit. The cranial capacity is great; 
according to Duckworth, 1,550 cubic centimeters, thus 
surpassing some of the most civilized peoples of Eu- 
rope.* 

“The dress of the Eskimo, which is much the same 
for the women as the men, consists of short trousers 
and a tunic ending above in a hood to cover the head. 
The trousers are sometimes continued downward into 
stocking feet. Of boots, which are well made, they 
have a great variety, to be worn according to the 
weather. Shoes with very ingeniously contrived soles 
are made for walking on the ice. Fur gloves or mit- 
tens are also worn. An overall for use in wet weather 
ie made from the intestines of the seal. The intes- 
tine is thoroughly cleaned, inflated with air, and hung 
up to dry. It is then carefully flattened and rolled 
up tight, like a spool of ribbon. When required for 
use it is slit up longitudinally, and makes a strip 
about three to five inches wide. The margin is pared, 
and several strips are sewn together into the desired 
form. These overalls are extremely light, not above 
six or seven ounces in weight. The transparency of 
the seal’s gut renders it useful for other purposes; it 
makes an excellent substitute for glass as a window 
pane. 

“The Eskimo wear their dress only when out of 
doors; in their houses they go stark naked, and the 
first hospitality offered to a visitor is an invitation to 
strip. 

“Notwithstanding the hardships of the struggle 
which the Eskimo wage with reluctant Nature for 
their existence, they were at one time by no means a 
miserable race; they made themselves comfortable in 
a frozen region where other men would have perished, 
took a healthy enjoyment in life, and were distinguish- 
ed by many estimable domestic and social qualities. 
The intrusion of the white man has brought with it 
its usual evil blight—poverty, sickness, selfishness, 
and loss of self-respect. It would be beyond our prov- 
ince to give instances, but one case where a different 
result might have been expected may be cited from 
Rink. He writes: 

“‘On approachine these places (Nv Herrnhut and 
Lichtenfels) the visitor, on being told that each of 
them contains about a hundred natives and two or 
three missionary families, will be at a loss to make out 
where the former have their abodes. The mission 


* Brierly. however, from an examination of seventeen skulls 
found tn Greenland, obtained an average of only 1.457 ec. 4. 
Itrierly, Journ. Antir. Inet. 1906, vol. xxxvi, p. 120. 


lodges are pretty spacious, and for Greenland even 
stately in appearance. The stranger will probably be 
surprised on being informed that these buildings are 
only inhabited by missionaries, because he discovers 
nothing like human dwellings anywhere else. Then 
his attention will be called to something resembiing 
dunghills seattered over low rocks and partly over- 
grown with grass, and he will be surprised to learn 
that the native population live in these dens.’* At one 
time these people had good winter houses. 

“The number of Eskimo is diminishing, especially 
in Greenland, and if the race should become extinct, 
the country will remain uninhabited, for white men 
alone could not live there.” 


A somewhat novel enterprise has been developed in 
Germany, this being a co-operative agricultural asso- 
ciation for erecting electric stations so as to secure 
power for farming purposes. It is now operating for 
some years past and the first move was to build several 
hydraulic plants so as to have a cheap supply. Two 
stations are erected in Pomerania and one in the Posen 
province. The first of these stations supplies 61 agri- 
cultural enterprises and has 80 miles of power line 
covering a district of 70 square miles, in which 150 
electric motors and 5,000 lamps are used. The second 
station gives current for 180 electric motors and 5,000 
lamps, and the network of power lines is 130 miles 
long. A longer system will be furnished by the third 
station, which is now building, and it will take in five 
towns and fifteen villages. The three-phase system of 
current distribution is used in these cases. At Kitter- 
gut there is built an electric traction line specially 
for handling agricultural products and it uses two 
electric locomotives of 60 horse-power. For irrigation 
purposes there are used motor-driven pumps in great 
number. These are usually controlled by an auto- 
matic float device which controls the working of the 
pump by cutting off the current. 


A short time ago the Baltimore & Ohio Railroad 
laid down seventeen rails treated with titanium alloy, 
They were placed on both the high and low side of a 
9-deg. curve, which is in almost constant use under 
heavy traffic. These have been tested, and the com: 
pany reports that all the titanium rails are in excel- 
lent condition, and when sufficiently worn down on 
one side may be turned and used again. The standard 
Bessemer rails put in service at the same time and 
place, are now worn out and are to be removed. The 
loss by wear, it is stated, from the Bessemer rails in 
pounds per yard was 294 per cent greater than from 
the titanium rails. 


* Uf. Rink, Danish Greenland, London, 1877, p. 181, 
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Correspondence. 


INTERNATIONAL METEOROLOGY. 
To the Editor of Scientiric AMERICAN SUPPLEMENT: 

In your SupPpLeEMENT No. 1755 you give a report of 
the so-called. “International Commission of Meteor- 
ology” at Monaco, roughly abstracted from the German 
Aeronautical News. In reality this was not a meeting 
of the International Commission of Meteorology at all, 
but of its sub-committee on scientific aeronautics. Prof. 
Moore, chief of the U. S. Weather Bureau, was not 
present as stated. He is not a member of this sub- 
committee, and his bureau was represented by myself, 
who was the only American present. I may say that 
the facts are correctly given in the original German 
text, but to make the matter clear I inclose a report 
which I prepared for your contemporary Science. 

Hyde Park, Mass. A. Lawrence Rorcn, Director. 


RETURN OF HALLEY’S COMET. 
To the Editor of Scientiric AMERICAN SUPPLEMENT: 

Halley’s comet, for which astronomers have been 
watching so eagerly, has again been discovered. It 
was detected by Prof. Max Wolf on a photographic 
plate he had obtained by means of the 30-inch reflect- 
ing telescope at the Grand Ducal Observatory on the 
Koenigstuhl in Heidelberg, Germany, on Saturday 
night, September 11th. Its position was R. A. 6 hours, 
18 minutes, 12 seconds; and declination 17 degrees, 
11 minutes north. 

One day later the observation was confirmed by 
Heber D. Curtis, who succeeded in photographing the 
comet with the Crossley reflector at the Lick Observa- 
tory, Mount Hamiiton, Cal., on the 12th, 13th, and 
14th of September. The location of the comet on the 
photographic plate agreed exactly with that indicated 
by Prof. Max Wolf, and within 1/12 of a degree of 
the place that had been predicted for it by the English 
astronomers Messrs. Philip H. Cowell and Andrew C. 
Crommelin of the Royal Observatory, Greenwich. It 
may be of interest to note that 1/12 of a degree is 
equivalent to an angular distance in the sky less than 
one-sixth the diameter of the moon. This is a fine il- 
lustration of the precision of modern science, and the 
marvelous degree of accuracy with which the laborious 
computations necessary for determining the position of 
the comet on its return were made. Owing to these, 
Prof. Wolf was enabled to know in which direction to 
look for the comet after its absence of seventy-four 
years. The greatest credit is due to Messrs. Cowell 
and Crommelin for the ability and patience with which 
they have worked for years at the laborious computa- 
tions necessary for the solution of this problem, and 
they must feel no small degree of satisfaction that 
their efforts have finally been crowned with the suc- 
cess they so well deserve. 

YERKES OBSERVATORY. 

Halley’s comet was observed visually with the 40- 
inch telescope by Prof. S. W. Burnham at the Yerkes 
Observatory, Williams Bay, Wis., on the mornings of 
September 16th and 17th (about 2 A. M.), and the 
measurements made of its position agreed exactly with 
those given by Prof. Wolf, so that no doubt remains as 
to the object discovered being the well-known comet. 
It was also observed visually and measured with like 
results by Prof. E. E. Barnard on the morning of Sep- 
tember 18th, with the 40-inch refractor. On the morn- 
ings of September 16th and 17th it was photogtaphed 
with the 2-foot reflector at the Yerkes Observatory by 
Mr. O. J. Lee, computor and member of the staff of 
the observatory. 

POSITION OF THE COMET. 

At present (the latter part of September) the comet 
is about five degrees west of the bright star Gamma 
Geminorum, and is moving very slowly, remaining for 
the next few weeks in the same part of the sky, when 
it will then turn westward. As the constellations of 
Gemini and Orion between which it is drifting are 
below the horizon until after midnight, it is useless 
searching for the comet before the “wee sma’ hours,” 
and even so it will only be visible to the eye in large 
telescopes for a considerable time. However, each 
week will bring the comet into view earlier in the 
night, and as it increases in brilliancy it will come 
within reach of the smaller telescopes, until finally it 
will be visible to the naked eye some six weeks before 
its nearest approach to the sun, on April 16th, 1910. 

Williams Bay, Wis. Mary Procror. 


JAPANESE NETSURAES. 

Tuer Japanese “netsuke” is a kind of button or pend- 
ant, which served, aiced by cords, to hold the medi- 
cine box and tobacco pouch suspended from the waist. 
The Japanese costume has little ornament. The women 
wear shining pins in the hair, but the man’s only 
adornment is his pair of swords. Formerly both men 
and women wore varnished boxes, with several com- 
partments, called “inro,” and richly decorated tobacco 
boxes, suspended from the girdle. The cords were 
held by an ornamental object fastened just above the 
waist, the “netsuke.” These netsukes were made from 
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various materials, such as lacquer, coral, porcelain, 
shell, or enameled metal, but most frequently of carved 
wood and ivory. Sometimes they are button-like in 
shape, and in this case often ornamented with little 
metal plates, engraved, called “kagami buto.” His- 
tory and tradition, as well as the events of daily life, 
furnished designs for these little pictures. The fancy 
of the artists seems to have been inexhaustible, and 
side by side with faithful and beautiful representa- 
tions of nature we find all the monstrosities of the 
realm of fable. Often the designs are humorous, and 
the sharp wit of the artist has made good natured cari- 
catures of all ages and ranks. 

The masterly technique of the old netsuke, says a 
writer in Daheim, can place itself unhesitatingiy at 
the side of the finest work of Europe at the period, 
in the fifteenth and sixteenth centuries, when minute 
decoration in precious stones, metals, wood, and ivory 
was in fashion. What in Europe was a marvel, was in 
Japan ordinary work. Carving, engraving, and chas- 
ing are perfect; the characteristic properties of the 
material are brought into play, and the patina gives 
the warm tone of age. 

These netsukes came into popularity in Japan in 
the second half of the seventeenth century. The old- 
est are made of painted or varnished wood, and were 
made at Nara. The ateliers of Nara furnished the 
best netsukes until the middle of the eighteenth cen- 
tury. Afterward Yeddo and Kioto took the first rank. 
Most of the old netsukes have the signature of the 
maker: Such names as Bokusai, Tomiharu, Miva, 
Minko, and Rioshu are distinguished ones of the 
older generation. Im the time from 1810 to 1860 Ik- 
kuan, Ittan, Masatsugu, etc., were highly esteemed. 
Good old netsukes are eagerly sought by collectors 
in Europe and America, and when found are worth 
their weight in gold. Most which come now-a-days 
from Japan are modern imitations, made for the ex- 
port trade. They usually have the holes which were 
essential to a netsuke intended for use, and some- 
times have false signatures. 


STYLES OF THE CALENDAR. 
By W. T. Lynn. 

Frew subjects are more full of pitfalls than that of 
the change of style and consequent alteration of dates, 
which therefore requires great care in its considera- 
tion. Many articles have appeared from time to time 
in Notes and Queries, and I would refer to two of my 
own in 9th S., vol. v., pp. 344, 461. Here I need only 
say that the dates given in Whitaker are correct, 
though it seems to me it would be better to call May 
14th May Day by Julian style instead of old May Day. 
It is difficult always to remember that no alteration 
was made in the difference between the two styles in 
1600, but was in 1700, 1800, and 1900. None will be 
made in 2000. There was an old saying about St. 
Barnabas’s Day: 

“Barnaby, Barnaby, Barnaby bright, 

The longest day and the shortest night.” 
Saints’ days, etc., being kept on the same nominal day, 
June 11th was still St. Barnabas’s Day, though what 
\as that day in the old calendar became June 21st 
from 1582 to 1700, then June 22nd from 1701 to 1800, 
June 23rd from 1801 to 1900, and now June 24th. But 
the saint’s day remaining June 11th, the above distich 
ceased to apply. George III.’s birth was announced as 
on May 24th, but when the style was changed in 1752, 
his birthday became June 4th, and was kept on that 
date during his reign. When Gregory XIII. altered 
the style in 1582, the count of days was changed by 
ten; when England adopted it in 1752 we had to 
change the days by eleven; in 1801 this became twelve, 
and in 1901 thirteen, so that we differ now from Rus- 
sia and the Greek Church by that number in our 
dates. 

The question of an alteration is again being -dis- 
cussed, and uniformity is so desirable that we hope 
Gregorian usage will be adopted, though it is not ideal- 
ly perfect, and a better rule would have been to drop a 
leap-year at the end of each period of 128 years.* The 
late Prof. Newcomb thought that the alteration of the 
style was a mistake, on the ground that there was no 
particular object in keeping the same dates at the 
same seasons over very long intervals of time, and the 
hiatus made by the omission of days caused, as it was 
bound to do, great confusion. It is not always recol- 
lected that the reason why a change was so long advo- 
cated in the western church, and at last carried out. 
was the supposed necessity of regulating Easter by the 
full moon following the vernal equinox, which was sup- 
posed to fall on March 21st at the time of the Council 
of Nicwa, A. D. 325, and really did so in the preceding 
century. To that epoch, then, everything was refer- 
red; otherwise it would have been more natural to 
have started when the alteration was made by which 
the mean calendar year was made nearly of the true 
length of the tronical vear 

From 1500 to 1700 May Day was kept in England on 
the day corresponding by the season to what we should 


* See the writer's “ Celestial Motions,” cleventh edition, p, & 
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now call May 1ith; after 1700, until the alteration of 
the style in 1752, on what would be May 12th by the 
new reckoning. At that. time, then, the dancing round 
the May-pole, so popular in this country, took place at 
nearly what is now the middle of the month. It is of 
interest to remember that the great May-pole in the 
Strand was removed, in 1717, at the instance of Sir 
Isaac Newton, to Wanstead, to support the Huyghens 
telescope of great focal length, which had been lent to 
Pound (the uncle of Bradley, afterward Astronomer 
Royal), who made excellent use of it. 

Christmas Day, of course, and all holy and saints’ 
days, fell, after the alteration of the calendar, several 
days later, according to the season; ten days when 
Gregory XIII. decreed the change in 1582, and eleven 
when it was adopted in England in 1752. After 1900 
the difference between the two styles became thirteen 
days, and old Christmas Day is marked in Whitaker 
and other almanacs on January 7th. New Year's Day 
fell seven days afterward, on the day we now call Janu- 
ary 14th; that is not marked in Whitaker, but the Rus- 
sians and the Orientals generally keep it on that day, 
thirteen days after ours. 

It is, of course, necessary to be very careful in com- 
paring historic events (whether astronomical or other- 
wise) between 1582 and 1752, English dates being given 
in old style, and many (not all) of the Continental 
dates in new style. 

It has been suggested to me that the following tables 
will be useful for reference in calendar questions. 

The Gregorian calendar was arranged to start from 
the date of the Council of Nicwa in A. D. 325, so that 
the vernal equinox should henceforth be made to fall on 
March 21st, as it was supposed to do then. Table I. 
gives the dates when the equinoxes and the solstices 
fell by the Julian style from A. D. 200 to the present 
century. Table II. gives the dates in Gregorian reckon- 
ing of the first day of May and the [last day of October 
(All Hallows’ Eve) for the same centuries. 


TABLE I. 
Vernal Summer Autumnal Winter 
A.D. Equinox Solstice Equinox Solstice 
0.8. 0. 8. 0, 8. 0. 8. 
March. June. September. December. 
200 21 22 24 22 
300 20 21 23 21 
400 19 20 22 20 
500 19 20 22 20 
600 18 19 21 19 
700 17 18 20 18 
800 16 17 19 17 
900 16 17 19 17 
1000 15 16 18 16 
1100 14 15 17 15 
1200 13 14 16 14 
1300 13 14 16 14 
1400 12 13 15 13 
1500 11 12 14 n 
1600 10 11 13 ll 
1700 10 11 13 11 
1800 9 10 ” 12 10 
1900 8 9 11 9 
TABLE Il. 
A.D. Gregorian Dates. Gregonan Dates. 
May October 
200 1 31 
November 
300 2 1 
400 3 2 
500 3 2 
600 + 3 
700 5 4 
800 6 5 
900 6 5 
1000 7 6 
1100 8 7 
1200 9 8 
1300 9 8 
1400 10 9 
1500 ll 10 
1600 12 11 
1700 12 ll 
1800 13 12 
1900 13 


It will be noticed that, in the first table, as the exact 
times of the equinoxes and solstices vary in different 
years (according to the distance from leap-year), and 
also their local times vary in different places, the dates 
are for the mean, and usually apply to Europe.— 
Nature. 


Porcelain Flower Mass.—The mass employed for the 
making of flowers must be so easily flexible that it 
can readily be fired in the muffe. A suitable mass 
consists of 3 parts of feldspar and 1 to 1\ parts of 
Zettlitz kaolin. The mass is not very plastic; In order 
to make it moldable, it is kneaded up with syrup or 
gum. Magnesia porcelain. whicti can also be fired at a 
low temperature, is made by pouring together 28 parts 
of magnesite, 9 parts rich clay, T parts feldspar, 28 
parts quartz, and 28 parts of porcelain fragments. 
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ELECTRICAL NOTES. 

The New York, New Haven & Hartford Railway 
Company is about to make tests of the comparative 
performance of electric and steam locomotives in 
freight service. To this end two freight locomotives 
have been ordered. One of these is to be equipped 
with side rods, and the other will be of the geared 
type. 

A hydro-electric railway, 100 miles in length, is, the 
Electrician states, to be commenced shortly, through 
the Okanagan Lake district in British Columbia. Start- 
ing from Vernon, the main line will follow the west 
side of the lake to Summerland, and there will be a 
branch, forty miles long, on the east side of the lake to 
Kelowa. Electrical energy will be generated from 
waterfalls in the neighborhood. It is stated that the 
construction will be completed by the end of next year. 

A type of Leclanché battery has been patented in 
France in which the present electrolyte of sal am- 
moniac is replaced by chloride of manganese. It is 
claimed that the cell holds up much better in this 
case, and that it can be short-circuited without harm. 
It has no consumption on open circuit. The internal 
resistance of the battery is low and it has a large ef- 
fective yield. Besides the liquid does not freeze in 
extreme cold. A novelty lies in the fact that the ex- 
hausted battery can be regenerated by charging it by 
an outside current. 

The Austrian government is preparing the plans for 
using electric traction on a certain number of railroad 
lines which appear to be the best adapted for the 
purpose for various reasons such as heavy gradients, 
neighboring waterfalls and heavy traffic with frequent 
trains. One of the longest of the sections is the Inns- 
briick-Lindau railroad line which is about 410 miles 
long, also the St. Veit-Trieste line, of 120 miles length. 
The Schwarzack-Spittal and the Villach-Rosenbach 
lines count for 85 miles. There are many shorter lines, 
and the total length is about 560 miles, this being no 
less than one-quarter of the whole Austrian system. 
Electric power will be supplied by a number of hy- 
draulic plants lying near the railroad sections. 

The smelter production of lead in the United States 
in 1908, as given by C. E. Siebenthal, of the United 
States Geological Survey, under the date of May 24th, 
was 408,523 tons of 2,000 pounds, against 442,015 tons 
in 1907, and 418,699 tons in 1906. The production of 
refined primary lead, which embraced all desilvered 
lead produced in the country, and the pig lead re- 
covered from Mississippi Valley lead ores, was 396,433 
tons, against 41489 tons in 1907, and 404,669 tons in 
1906. The antimonial lead produced was 13,629 tons, 
and the recovered or secondary lead 18,283 tons. “In 
1908 the lead smelted from domestic ores was 310,762 
tons, and from foreign ores and foreign base bullion— 
almost wholly Mexican—97,761 tons. 

A paper recently read before the American Institute 
of Electrical Engineers by Mr. J. N. Dodd discusses 
the general considerations which enter into the pro- 
portioning of auxiliary poles, and gives a method for 
testing and adjusting the poles for the correct strength. 
The author develops the ordinary electro-magnetic for- 
mula for calculating the flux density at the auxiliary 
pole-face, and quotes Arnold’s formula for the width 
of the pole face, viz.: Pole arc = Br + T — b, where T 
= slot pitch, Br = brush thickness reduced to arma- 
ture diameter, b = commutator segment thickness re- 
duced to armature diameter. The author considers 
the voltage distribution curve at the commutator, and 
states that for perfect commutation, if the mechanical 
conditions are correct, the voltage under the brush 
should be zero. The method of testing proposed is 
based on this, and consists in measuring the voltage 
between two adjacent segments under the center of 
the brush, which should be zero when the auxiliary 
poles are correctly adjusted, when perfect commuta- 
tion should occur. 

It will be remembered that the Létschberg tunnel 
line is the first standard-gage railroad to be built from 
the outset with a view of using electric traction. Pre- 
paratory to installing the electric outfit on the whole 
line there will be used electric locomotives and motor 
cars on the first section which is already built and 
rune from Spiez to Frutigen. A locomotive and three 
motor cars have already been ordered. The section 
will use the same general method which is applied on 
the Seebach-Wettingen line in Switzerland; that is, 
single-phase current at 15,000 volts on the overhead 
wire. An electric plant erected at Spiez will furnish 
the current. The overhead wire is suspended at 20 to 
30 feet above the rail level. The Oerlikon electric 
locomotive to be used has 2,000 horse-power, and will 
thus be one of the heaviest yet built, and it can take 
a 3230-ton train on a 2 per cent gradient or a 550-ton 
train on a 1.5 per cent gradient at 25 miles an hour. 
For the motor cars there will be used a two-bogie car 
of 60-foot length and holding 64 passengers. Four 
motors of 220 horse-power each are employed, as a high 
power will be needed on the Ldtschberg line, which 
runs in a mountainous region and the gradients are as 
high as 2% per cent. 
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ENGINEERING NOTES. 

One and a quarter millions of money are to be spent 
and 527 miles to be added to the railway mileage of 
the Transvaal. This is equivalent to an extension of 
one-third of the existing railway system in the colony. 


The last spike of the prairie section of the Grand 
Trunk Pacific has been driven at a point west of 
Wainwright. The line will thus be open for construc- 
tion trains from Winnipeg to Edmonton, a distance of 
792 miles, and for public traffic before the harvest. 


In the block signals, manual control type, which the 
Baltimore & Ohio Railroad is about. to install between 
Hicksville, Ohio, and Millers, Ind., each outlying 
switch will be equipped with a telephone, and also each 
block station, so that engine drivers can communicate 
with the nearest block office at any time. 


Though only recently completed to the Pacific coast, 
the Chicago, Milwaukee & Puget Sound Railway has 
already begun, says the Engineering Record, to replace 
the timber trestles by steel¢structures or to fill them 
in. The timber trestles are new and of substantial 
construction, and the changes are stated to be due to 
the policy of the company of freeing its main line from 
all structures of this character, thus decreasing the 
risk of fires, which might cause serious delays to traffic. 
Some of the tunnels were originally lined with tim- 
ber, and these are now being lined with concrete. 


A consular report, in dealing with the Shanghai- 
Nanking Railway, states that the through service to 
Nanking was formally commenced on March 31st, 1909, 
and the line has been well patronized as far as pas- 
eenger traffic is concerned. Trouble has been caused 
on various occasions by the stoppage‘*of trains by vil- 
lagers, in order to claim compensation for the death of 
or injury to some irresponsible Chinese who was tres- 
passing on the permanent way, or who did not exercise 
due caution at a level crossing. The authorities have 
displayed regrettable lack of energy in preventing and 
punishing outrages of this kind. No freight worth 
mentioning was carried by the railway during 1908, as 
the arrangements had not yet been made with regard 
to the collection of likin or its substitutes. 


“ Bustenari crude oil” is a generic term applied to a 
number of oils from the Prahova district, the specific 
gravity of which ranges from 0.820 to 0.926, with a 
mean of 0.854. The content of light fractions (4,1— 
29.5 per cent) varies with the density of the crude oil; 
but, apart from this the yield of lamp oil and solar oil 
fractions is fairly uniform, viz., fraction between 125 
deg. and.150 deg. C., 10 per cent (specific gravity 
0.760—0.765); 150 deg.—200 deg. C., 15 per cent (spe- 
cific gravity 0.795—0.800); 200 deg.—250 deg. C., 10 
per cent (specific gravity 0.835—0.840); 250 deg.—270 
deg. C., 4 per cent (specific gravity 0.860—0.875); 270 


‘deg.—300 deg. C., 7 per cent (specific gravity 0.885— 


0.890). By the aid of preliminary heaters, the bulk of 
the light fractions (“benzine’) is removed before the 
erude oil reaches the still proper. The oil is frac- 
tionated into three principal grades: crude spirit, 30 
per cent (average); lamp oil, 15 per cent; and solar 
oil, 10 per cent; leaving 42 per cent of residuum. On 
re-fractionation the spirit furnishes 37 per cent of 
light spirit (specific gravity 0.715—0.720), 6 per cent 
of heavy spirit (specific gravity 0.750) and 57 per cent 
of light petroleum (specific gravity 0.795—0.800) flash- 
ing at 23 deg. C. The proportion of unsaturated and 
aromatic compounds in these fractions increases with 
the density; thus m-dinitrotoluene has been obtained 
by nitrating the fraction boiling between 102 and 119 
deg. C. The lamp oil has the specific gravity 0.830— 
0.832 and flashes at about 40 deg. C., the solar oil (gas 
oil) gives the following numbers: specific gravity, 
0.885—0.890; flashing point, 100 deg.—120 deg. C.; vis- 
cosity (Engler), 2.45 at 20 deg. C. and 1.22 at 50 deg. 
C.; cold test, 20 deg. C.; calorific value, 10,400 cals.; 
sulphur content, 0.3 per cent. In practice, 100 kilo- 
zrammes of this oil yield 85 cubic meters of gas with 
an illuminating power of 23—28 candles, and contain- 
ing about 50 per cent of methane and 32 per cent of 
heavy hydrocarbons. The residuum has the specific 
gravity 0.945—0.950, flashing point about 140 deg. C., 
cold test —15 deg. to —20 deg. C., viscosity (Engler) 
about 10 at 20 deg. C., calorific value, 12,500 cals., and 
furnishes excellent lubricating oils. The large propor- 
tion (about 21—24 per cent) of olefinic, benzenoid and 
partially hydrogenized cyclic hydrocarbons in the lamp 
oil militates against its value as an illuminant, but 
these can be eliminated by sulphonation, whereby the 
mean lighting power is raised from 4.4 to 12.3 candles, 
the consumption per candle-power being reduced from 
4.7 to 3.1 grammes, and the decrease in light at the 
end of 9 hours reduced from 35.5 to 19.3 per cent. At 
present this treatment is too expensive for commercial 
application, but great improvement can be effected by 
providing a good supply of air in the burner and by 
warming the air, the provision of a deflecting button 
above the flame raising the illuminating power from 
5.4 to 13.6 per cent (in a 14-line Kosmos burner), and 
lowering the consumption from 4.1 to 2.9 grammes 
per candle. 
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TRADE NOTES AND FORMULZ. 
Augendre gunpowder consists of: 


a b 
Chlorate of potash......... 50 parts 49 parts 
Ferrocyanide of potassium. 25 parts 28 parts 
vis 25 parts 23 parts 


Mother-of-Pearl Imitation on Polished Wood Sur- 
faces.—Polish the wood surface, distribute over it 
colored bronze powder and then press it with hot, 
stamped plates, so that the bronze powder at the 
relief points is caused to adhere to the polish, soft- 
ened by heat. The imitations are brilliant with the 
colors of the different bronze powders used. 


Platina bronze is the name given by Helouis to an 
alloy he makes for household utensils, of 100 parts of 
pure nickel, 10 parts tin, and 1 part platinum, by 
adding to the melted nickel the platinum and 4 parts 
of tin and then gradually introducing the remaining 6 
parts of tin. For bells, etc., 100 parts nickel, 20 parts 
tin, 2 parts silver, and 1 part platinum should be 
taken. 

Purple Extract for Coloring Liquors Red.—Mix sep- 
arately 60 parts of orchillas with 39 parts of 90 per 
cent alcohol and prepare a uniform solution of 70 
parts of water and 54 parts of sugar color (clear solu- 
ble in 80 parts of alcohol) and mix both solutions, 
stirring meanwhile. Finally, 12 parts of soda lye of 
10 deg. Baumé is added, and the mixture vigorously 
stirred for an hour. Garnet extract is made from 85 
parts of this purple extract with 15 parts of sugar color. 

Shio-liao Chinese blood putty, is made from pig's 
blood, caustic potash, and some alum, and is used es- 
pecially for coating boxes and other receptacles, to 
make them waterproof, inside and out. The propor- 
tion, between fresh blood and lime, is as 3 is to 4 
and when we mix, with 3 parts of freshly defibrin- 
ated blood, 4 parts of lime, slaked to powder, we ob- 
tain a thinly viscid mass, which displays the above- 
mentioned property and which can be used for wood 
boxes and basket work where the interstices are not 
too large. 

Poteline, made by Potel, Paris, is a mass consisting 
chiefly of gelatine, glycerine, and tannin, to which, ac- 
cording to the purpose for which it is to be used, 
heavy spar or zinc white is added, or a coloring of 
vegetable substance. Poteline can be filed, turned, 
drilled, and polished, making it admirably available for 
all possible decorations, for hermetic bottle closures, 
for the manufacture of unbreakable dolls’ heads, arti- 
ficial marble, etc. For the preservation of meat, in 


the form of a coating, it is also recommended by the 


inventor. 

Polish for Knives.—3,000 parts of shellac are dis- 
solved in 15,000 to 20,000 parts of pure alcohol, then 
take 100 parts of collodion cotton, place it in a bottle 
that can be closed and pour over it 100 parts of high- 
percentage sulphuric ether, add 50 parts of camphor, 
stir the mass up well and pour in sufficient 96 per cent 
alcohol to insure the complete solution of the cotton. 
Then pour the two solutions together and shake them 
up well. This polish, applied warm, is rubbed off with 
oil prepared as follows: in a good rosemary oil, dis- 
solve as much camphor as will enter into solution and 
pour 50 parts of this fluid into 1,000 parts of linseed 
oil. For the finishing polish, dissolve benzole in alco- 
bol. 

Poudrolith, Poch’s blasting powder, consists of 100 
parts of 3 parts of spent tan, 5 parts wood sawdust, 3 
parts nitrate of soda, 3 parts sulphate of baryta, 6 
parts wood charcoal, 12 parts of sulphur, 68 parts 
nitrate of potash. The baryta and soda salts are dis- 
solved in hot water, the tan and sawdust are added 
and the mixture evaporated to dryness. With the 
pulverized residue, the other constituents, also in pul- 
verized form, are intimately mixed in a revolving cylin- 
der. Under the name Poudrolith, a blasting powder, 
made by Oller, is also recognized, which is made up as 
follows: it consists of 60 per cent nitrate of potash, 2.5 
per cent chlorate of potash, 20 per cent flowers of sul- 
phur, 3.5 per cent of wood charcoal, 2 per cent bone 
coal, 6 per cent sawdust. The mixture is of a greenish 
color. 
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